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(g) Compound fine particles and compositions for forming film. 

(57) Compound fine particle Include inorganic fine particles and an organic polymer bound to surfaces of 
the Inorganic fine particles, and have an average particle diameter of 5 to 200 nm and a particle diameter 
variation coefficient of 50% or less. The compound fine particles are obtainable by hydroiyzlng and 
condensing an organic polymer, wherein the organic polymer has, per molecule, at least one 
polysiloxene group containing at leaot one ShOfV group, wherein R 1 denotes a hydrogen atom, an 
uneubstituted or substituted aJkyl group, or an unsubstltuted or substituted acyl group. A compound 
fine particle dispersion Includes the compound fine panicles and a dispersion medium. A composition 
for forming a film includes this dispersion. 
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BACKGROUND OF THE INVENTION 
Technical Field 

s The present Invention relates to: 1) compound fine particles useful for an additive to various kinds of coat- 

ings, molding materials and ao forth, 2) a process for producing the particles, 3) a dispersion In which the par- 
ticles are dispersed In various dispersion media, end 4) a composition for forming a film, which Includes the 
particles and Is useful for various coatings, surface-treating agents, coating agents, adhealves, pressure sen- 
sitive adhesives, sealants end ao forth. 

10 

Background Art 

Hitherto, various kinds of Inorganic flna particles have been practically used as an additive to various kinds 
of coating and molding materials, the object of which is to afford characteristics, such as mechanical strength, 
15 flame resistance, hiding power, heat resistance, surface hardness and rust-lnhlbitlon. However, the perfor- 
mance of the fine particles has not been sufficient. To overcome these deficiencies, surface modification of 
the fine particles has been carried out using an organic polymer, and so forth, by various kinds of methods, 
and various attempts to elevate the affinity between inorganic fine particles and an organic medium have been 
carried ouL 

20 For example, Japanese Official Patent Provisional Publication (Kokal) No. Helsel S-271114 discloses fine 

particles obtained by treating silica fine particles having a particle diameter In a range of 5 to 300 nm with a 
ellyl-etherlzed polymer. Also, Tsubokawa at.aJ. reported an experiment, wherein a polymerlzable functional 
group orapolymerlzatlon-lnltlatlng group Is Introduced onto surfaces of silica fine particles (which are obtained 
by a gas phase method and have panicle diameters in a range of several ten nm), the surfaces of the silica 
25 fine particles are then treated by a radical polymerization method or with a sllyl group-containing polymer cou- 
pling agent, whereby there is obtained silica fine particles on which an organic polymer Is grafted ("Hyomen" 
Vol.2S,No. 4, pp. 2B6-298, published 1990). 

Furthermore, Japanese Official Patent Provisional Publication (Kokai) No. Helsei 5-115772 discloses fine 
particles having an average partide diameter of 100 nm or less, which are obtained by Introducing a polymer- 
ic Izable functional group Into the surfaces of silica fine particles, obtained by a goa phase method and having 
particle diameters In a range of several ten nm, followed by carrying out an emulsion polymerization reaction 
to graft a polymer onto the silica surfaces. On the other hand, Japanese Official Patent Provisional Publication 
(Kokai) No. Heiael 4-1&0921 discloses a method of obtaining silica fine particles having surfaces modified by 
a polymer, which are obtained by treating the surfaces of colloidal silica having particle diameters of 1 0 to 5.000 
35 nm with a coupling agent beforehand followed by carrying out surface-treatment by an acidic group-containing 
polymer. In addition, Yoshinaga at at. reported an example of silica fine particles having surfaces modified 
by an organic polymer, which are obtained by treating silica fine particles (the particle diameter distribution of 
which is narrow and sharp) with an aikoxysily! group-containing polymer ("Sen- 1 Gakkalshl\ Vol. 49, No. 3, pp. 
130-136. published 1993). 

46 Besides these publication, many methods are known for producing Inorganic fine particles to be used as 

a base material, a representative method which Includes hydrolyzlng and condensing a hydrolyzable organo- 
metallic compound in a reaction medium, such as water and alcohol. 

For example, Japanese Official Patent Gazette (Kokoku) No. Heisel 1-59974 discloses a method of ob- 
taining silica fine particles having an optional particle diameter and an excellent, narrow partide diameter dls- 

45 trlbutlon by hydrolyzlng an organosllicon compound, such ae a hydrolyzable alkoxysilane. without significantly 
changing the concentration of water and ammonia In a reaction solution. Further. Japanese Official Patent Pro- 
visional Publication (Kokai) No. Showa 63-77940 discloses a method of obtaining a polymethylsllsesquloxane 
powder with particles having an almost Iruly spherical Shape and a particle size distribution In a range of ± 30 
% of an average particle diameter; the method includes: having a mixture of rnethyitriatkoxysiiane etc. with an 

60 organic solvent as an upper layer and having an aqueous ammonia or amine solution end/or a mixture of am- 
monia or amine with an organic solvant as a lower layer, and hydrolyzlng and condensing the mathyltrlalkox- 
ysliane at an Interface of these layers. Still further, Japanese Official Patent Gazette (Kokoku) No. Hefeel 5- 
4325 discloses a method for producing silica fine particles having high purity and a truly spherical shape, of 
which average particle diameter is in a range of 0.05 to 20um. standard deviation of the particle diameter Is In 

55 a range of 1.0 to 1.5, and the real specific gravity Of particles has been Controlled In a range of 1.20 to 2.10. 
Acrylic polyols and polyester poly ol 8 (which are resin components contained in conventional compositions 
for forming a film) have excellent performance with regard to weather resistance, workability, etc. However, 
o coated film obtained by coating a composition containing the ebove polyols has low surface hardness and 
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is easily damaged. Therefore, compositions for forming a film, such as various coatings, which contain various £ Q 

inorganic fine particles, are produced In order to Improve the demerit points while having characteristics, such 
as mechanical strength, a flame-retardation, hiding power, heat resistance, surface hardness and rust- 
inhlbltlon, 

s However, the performance is insufficient. For example, the dlsperslblllty of Inorganic fine particles is poor, 

end the adhesion between the Inorganic fine particles and a resin used for the composition for terming a film 
Is Insufficient, so that there is a problem that a minute gap at en Interface between the fine particles and resin 
Is formed, water permeates the gap and weather resistance of the film greatly decreases. 

In order to alleviate such a problem as the aforementioned, compositions for forming a film obtained by 

10 using inorganic fine particles, which have surfaces modified by an organic polymer etc. according to various 
methods, have been used and, thereby, there have been carried out attempts to elevate affinity between the 
Inorganic fine particles and an organic medium such as a coating reel n contained in the compositions for form- 
ing a film. For example, there Is a composition for forming a film containing Inorganic fine particles, which are 
obtafned by treating the surfaces of Inorganic fine particles with a coupling agent followed by treating the eur- 

is faces with an acidic group-containing polymer or an alkoxysllyl group-containing polymer. Further, Japanese 
Official Patent Provisional Publication (Kokai) No. Heisei 4-173582 discloses an acrylic resln-based compo- 
sition for coating, which Includes an acrylic polyol resin, a binder (Such as an Isocyanate compound having 
two or more functional groups), organosol of minerals, and a solvent; and further discloses mat, when this com- 
position Is used, weather resistance is improved. 

20 The present Inventors followed the methods reported in Ihe above patent publications and literature and 

examined those in detail. As a result, we have found that, when Inorganic fine particles are subjected to surface 
treatment with a coupling agent and then surface treatment with an acidic group- containing polymer or an ah 
koxy group- containing polymer, unless the drying treatment la performed for the particles, the polymer does 
not combine with the inorganic fine particles, and so the drying process is essential. Also, we have found that, 

is if such drying treatment Is carried out, the cohesion of inorganic fine particles, or the crosslinklng between 
fine particles by the polymer, occurs and the particle diameter distribution of the fin© partitas becomes broader 
than that of before the surface treatment, in particular, it became dear that, In the case where Inorganic fine 
particles having an average particle diameter Of 200 nm or less is used, the cohesion becomes remarkably 
great and the average particle diameter of fine particles (which are finally obtained after surface treatment) 

30 becomes larger than 200 nm. If the fine particles thus-obtained after the surface treatment ar© used for a film 
formation by themselves or by combining them with another resin for coating, the cohesion of fine particles is 
remarkably great, tne average particle diameter Is large, and the particle diameter distribution is broad, and 
therefore, there was found a problem that a transparent and glossy paint f 11m is not obtained. 

Furthermore, the conventional method of obtaining Inorganic fine particles by hydrolyzlng and condensing 

35 a hydrolyzable organometallic compound In a reaction medium (such as water and alcohol) was carried out 

with the object of controll ing the p article diameter distribution or p ar ticle sha pe. There h as not v et beenknown 

any art, In which, In order to improve the formed inorganic fine particles, the bonds between an organic polymer 
and Inorganic fine particles are formed In the course of a hydrolysis and condensation reaction, and tha surface 
modification by an organic polymer is carried out to the forming inorganic fine particles. 

40 In a conventional method which includes combining an acryllG polyol resin wrth organosol of minerals by 

using a binder, the storage stability of tha resin Is poor and a tendency to gelate occurs. Also, there Is a high 
possibility that by-products results from crosslinklng between the acrylic polyol resins or between the orga- 
nosol of minerals. Consequently, it becomes difficult for the binder to selectively and efficiently crosslink only 
between the acrylic polyol and organosol of minerals. Furthermore, a composition for forming a film containing 

45 organosol of minerals, the surfaces of which were modified by an acrylic polyol resin as obtained in the afore- 
mentioned method, snowed that physical properties audi as weather resistance, adhesiveness and flexibility 
were low and still unsatisfactory. 



5o 



SUMMARY OF THE INVENTION 
Objects of the Invention 



It is an object of the present InvBntlon to provide compound fine particles, which have a minute average 
particle diameter, a narrow particle diameter distribution end superior dispersion stability in various kinds of 
45 organic solvents and polymers, Including Inorganic fine particles, the surfaces of which are modified by an 
organic polymer having especially good affinity with organic matrices. 

it is another object of the present Invention to provide a process for producing the compound fine particles 
with good efficiency. 

3 
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It is also another object of the present Invention to provide a compound fine particle dispersion which Is 
useful as an additive for various kinds of coatings, molding materials, eta 

It Is also another object of the present Invention to provide a f flm-formlng composition, which has excellent 
performance with regard to weather resistance, dirt resistance, dirt ellmlnatablllty, surface hardness, abrasion 
5 resistance. chemical resistance, adhesiveness, heat resistance, etc 

Disclosure of the Invention 

(Compound fine particles): 

10 

Compound fine particles of the present Invention have an average particle diameter of 5 to 200 nmand a 
particle diameter variation coefficient of 50 % or less, end include inorganic fine partldes and an organic poly- 
mer bound to surfaces of tha Inorganic fine particles. 

It is preferable that the Inorganic fine particles Include silica. 
is It Is preferable that the compound fine particles contain at laast one kind of slkoxy group In a proportion 
of 0.01 to SO mmol/g. 

It Is preferable that the organic polymer contains a (meth)acryllc monomer unit and Js formable Into a film. 
1 1 is preferable that the compound fine particles have an Inorganic matter content of 50 to 99.5 % by weight. 

20 (Production process of compound fine particles): 

A process of the present Invention for producing compound fine particles. Includes a step of hydrolyzing 
and condensing an organic polymer (P), The organic polymer (P) has at least one polysiloxana group per mol- 
ecule. The polysifoxane group contains at least one SI-OR T group, wherein R 1 denotes a hydrogen atom or at 
25 least one member selected from the group consisting of alkyl groups, acyl groups, substituted elkyi groups 
and substituted acyi groups; with the proviso that In the case where plural R 1 are included In one molecule of 
the polymer (P), the plural R 1 may be different from each Other. 

It is preferable that the hydrolyzing and condensing step Includes a step of mixing: 
a raw material liquid (A) Including the organic polymer (P); and 
30 a raw material liquid (B) including water. 

It is preferable that the hydrolyzing and condensing step includes hydrolyzing and condensing the organic 
polymer (P) together with a hydrolyzable metallic compound (G). 

It ia preferable that the metallic compound (G) la at least one member selected from the group consisting 
of compounds shown by the following general formula (1) and their derivatives: 
ss (tfOJJYJR^n, (1) 

wherein: 

M denotes at least one metal element selected from the group consisting of Si, Al, Ti and Zr. 
R 2 denotes a hydrogen atom or at least one member selected from the group consisting of alkyl groups, 
acyl groups, substituted alkyl groups and substituted acyl groups; 
45 R 3 denotes at least one member selected from the group consisting of aJkyt groups, cycloalkyl groups, 

aryl groups, sralkyl groups, substituted alkyl groups, substituted eyoloalkyi groups, substituted aryi groups and 
substituted sralkyl groups; 

n denotes a valence number of the metal element M; and 
m denotes an Integer of 1 to n; 
*5 with the proviso that In the case where plural R 2 and/or R* are Included in one molecule of the metallic 

compound (G), the plural R* and/or may be different from each other. 

It is preferable that the hydrolyzing end condensing step Includes a step of mixing: 
b raw material liquid (A) including the organic polymer (P) and the metallic compound (G); and 
a raw material liquid (B) including water. 
50 it Is preferable that the metallic compound (G) is at least one member selected from trie group consisting 
of silane compounds (H) and their derivatives. The sllane compounds (H) contain an SI element as the metal 
element M In the formula (1). 

(Compound fine particle dispersion): 

SB 

A compound fine particle dispersion of the present invention Includes compound fine particles and a dis- 
persion medium. The compound fine particles have an average particle diameter of 6 to 200 nm and a particle 
diameter variation coeff iclentof 50 % or less, and Include Inorganic fine particles and an organic polymer bound 

4 
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to surfaces of the Inorganic fine particles. 

It i3 preferable [hat the Inorganic fine particles Include silica. 

It is preferable that the organic polymer contains a (meth)3cryllc monomer unit and Is formable Into a film, 
and that the compound fine particles contain at least one kind of alkoxy group in a proportion of 0,01 to 50 
5 mmol/g and have en Inorganic matter content of 50 to 99.5 % by weight. 

Another compound fine particle dispersion of the present Invention Includes compound fine particles and 
a dispersion medium. The particles era obtainable by the above-mentioned production process of the present 
Invention. 

io (Composition for forming a film): 

Aoomposltion of the present Invention for forming a film Includes a compound fine partlda dlsperBlon. The 
dispersion Indudoe compound fine particles and a dispersion medium. The compound fine partldea have an 
average particle diameter of 5 to 200 nm and a particle diameter variation coefficient of 50 % Or less, and in- 
1$ elude inorganic fine particles and an organic polymer bound to surfaces of the Inorganic fine particles. 

It Is preferable that the Inorganic fine particles include silica. 

It is preferable that the organic polymer contains a (meth)acryiic monomer unit and Is forma ble Into a film, 
and that the compound fine particles contain at least one kind of alkoxy group in a proportion of 0-01 to 50 
mmol/g and have an Inorganic matter content of 50 to 99.5 % by weight. 
20 It is preferable that the organic polymer contains a hydroxyl group, and mat the compos Man further In- 

cludes at least one compound (J) selected from the group consisting of polyfu notional isocysnats compounds, 
melamine compounds and amlnoplast raslns. 

It Is preferable that the composition further indudes a polyol (Q) having two or more hydroxyl groups per 
molecule. 

Z5 Another composition of the present invention for forming a film Includes compound fine pertide dispersion. 
The dispersion indudes compound fine particles and a dispersion medium. The. compound fine panMdes are 
obtainable by the above-mentioned production process of the present Invention. 

It Is preferable that the organic polymer (P) contains a hydroxyl group, and that the composition further 
Includes at least one compound (J) selected from the group consisting of polyfunction©! isocyanate com- 
so pounds, melamine compounds and amlnoplast resind. 

It Is preferable that the composition further Includes a polyol (Q) having two or more hydroxyl groups per 
molecule. 

Detailed Description of the Invention 

. . ...^CoijipourtfS fiQft.p-SiUcJss)- 

Compound fine particles of the present invention have an average particle diameter of 5 to 200 nm and a 
partide diameter variation coefficient of SO % or leas, and Include Inorganic fine particles and an organic poly- 

40 mer, the organic polymer being bound to surfaces of the Inorganic fine pallidas. 

The Inorganic fine particles used In the present invention, as long as they are fine particles of an Inorganic 
matter including an optional element, has no special limitation and a suitable Inorganic matter Is an Inorganic 
oxide. The Inorganic oxide Is defined as an oxygen-containing metallic compound In which a metal element 
mainly constitutes a three-dimensional network through bonding with an oxygen atom. A preferabls example 

49 of the metal element constituting the inorganic oxide Is an element selected from the groups of II to VI in the 
periodic table of elements and a more preferable one is an element selected from the groups of 111 to V in the 
periodic table of elements. Among tnem, an element selected from si, At, Ti end Zx is especially preferred, and 
fine particles including silica containing SI as the metal element constituting the inorganic oxide Is the most 
preferable as the Inorganic fine partleies. AJso, the Inorganic oxide may contain: an organic or hydroxyl group; 

W varfous residual groups derived from the metallic compound (G) (which Is used as the later- mentioned raw ma- 
larial); or a portion of the organic polymer. The above organic group Is at least one selected from the group 
consisting of afkyl, cycfoaJkyt, aryl and aralkyl groups. The Inorganic oxide may be of one or more kinds. 

The shape of the inorganic fine particles including the above-mentioned inorganic matters may be any 
shape ouch as a sphere, needle, plate, scale, or crushed type and (t Is not especially limited. 

m The organic polymer In the compound fine pallidas of the present Invention, In the case where it is used 

for various kinds Of coating and molding materials, contributes to improve the dispersibility of the inorganic 
fine partldea and the affinity between the Inorganic fine partides and an organic medium end, in the case 
where It is used for a composition for forming a film, acts as a binder. 

S 
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The molecular weight, shape, and composition of the organic polymer as well as the presence or absence 
of a functional group of the organic polymer ana not especially limited, and any optional organic polymer can 
be used. As to the shape or the organic polymer, an optional shape such as a straight chain and branched 
type and a crossllnked structure can be adopted for use. Preferable practical examples of resins constituting 

9 the organic polymer are a (meth)aeryiic resin; polystyrene; polyvinyl acetate; a polyoreffn such as polyethylene 
and polypropylene; polyvinyl chloride; polyvinylidene chloride; a polyestersuch as polyethylene terephmalate; 
a copolymer of the above compounds; and a resin partly modified by e functional group such as an amino, 
©poxy, a hydroxy! and carboxyl group. Among those realne, the compound fine particles (which contain the 
organic polymer including as an essential component an organic polymer containing a (meth)acrylic monomer 

10 unit such as a (meth)eerylie resin, a (meth)a.cryfic-Btyrene resin and a (meth)acryiie-polyeaterreain, and being 
forme Wo Into a film) can be used a a a preferable example of the components of the undermentioned compo- 
sition for forming a film. 

Regarding the Organic polymer, although an optional organic polymer can be ueed as mentioned above, 
an especially preferred example |e an organic chain which fa contained In the undermentioned organic polymer 

is (P) including an organic chain and a poiyslloxane group, having at least one combined pdysiloxane group per 
molecule, and having a structure containing at least one Si-ORf group In the polyslloxane group. 

Although the compound fine partWesof the present invention are compound fine particles made by binding 
an organic polymer to surfaces of the Inorganic fine particles, the binding does not mean simple adhesion and 
sticking together, but means that the organic polymer is not detected In a washing liquid gotten by washing 

20 the compound fine particles by an optional solvent, and this fact strongly suggests that a ehemleel bond is 
formed between the organic polymer and Inorganic fine particles. 

Since the compound fine particles of the present invention include the organic polymer bound to surfaces 
of the Inorganic fine particles, the compound fine particles have excellent affinity with an organic matrix. 
The compound fine particles may include an organic polymer in the inside of the Inorganic fine parti des. 

25 Because of this, suitable softness and tenacity can be afforded to the Inorganic fine particles which form the 
cores of the compound fine particles. The presence or absence of an organic polymer in the compound fine 
particles can be confirmed, for example, by heating the compound fine particles at a temperature in a range 
of 500 to 700 D C to undergo thermal decomposition of the organic polymer and then, by comparing a measured 
value of specific surface area of the fine particles (obtained by the thermal decomposition) with a theoretical 

30 value of specific surface area calculated from diameters of the fine particles. That Is, In the case where an 
organic polymer is included In the compound fine particles, since the organic polymer thermally decomposes 
by heating and a large number of fine holes are formed in the fine particles, the specific surface area measured 
after thermal decomposition of the organic polymer becomes considerably larger than a theoretical value of 
the specific surface area calculated from diameters of the fine particles. 

35 The average particle diameter of compound fine particles of the present Invention Id In a range of 5 to 200 

nm and a preferable one is from S to 100 nm. If the average particle diameter is less than 5 nm, surface energy 
of the compound fine particles becomes high, so that cohesion etc easily occurs. If the average particle di- 
ameter exceeds 200 nm, In a esse of using them for coating etc., physical properties of a paint film, such as 
transparency, lowers. 

<o The particle diameter variation coefficient of the compound fine particles is 50 % or less and a preferable 

one is 30 % or less. If the partlde diameter distribution of the compound fine particles is broad, that Is. if the 
panicle diameter variation coefficient exceeds 50 %, in a using case for a filler etc. for a plastic film etc.. the 
film surface Is not smooth and serious unevenness occurs. This is unfavorable. 

A preferable alkoxy group content of the compound fine particles of the present Invention Is in a range of 
45 0.01 to 50 mmol per 1 g of the compound fine particles. The alkoxy group here mentioned denotes an R 4 0 
group combined with a metal element which forms a fine particle structure. Here, R* is an aikyl group which 
may be unsubstituted Or substituted, and the R*0 groups in the compound fine particles maybe either Identical 
with or different from each other. Practical examples of R A are methyl, ethyl, n-propyf, bopropyl, n-butyl, etc. 
The alkoxy group as described above has an effect of elevating the affinity with an organic medium and 
so me dlsperefbllfty in an organic medium In the case where the compound fine particles are used for various 
kinds of coating and molding materials. 

The Inorganic matter content of the compound fine particles of the present Invention Is not especially lim- 
ited, but In the case where the fine particles are added Into various resins, In order to effectively obtain inorganic 
characteristics, such as hardness and heat resistance, of the Inorganic matter, It is advantageous that the ln- 
w organic matter content of the oompound fine particles Is as high as possible. A preferable Inorganic matter con- 
tent is in a range of 50 to 99.5 % by weight of the compound fine particles. 

The organic polymer content of the compound fine particles of the present Invention Is not especially lim- 
ited, but a preferable one is in a range of 0.S to 50 % by weight of the compound fine particles. 

6 
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The compound fine particles of the present invention can be produced by an optional process. The process, 
go described below In detqji, of the present InventlQn for producing compound fine particles i3 one example 
and ft is not limited by this process. 

9 (Production process of compound fine particles): 

A process of the present Invention for producing compound fine particles Includes a step of hydro! yzing 
and condensing an organic polymer (P). The organic polymer (P) has at least one polyalloxarte group per mol- 
ecule. The poiysiioxanB group contains at least one SI-OR 1 group, wherein R 1 denotes a hydrogen atom or at 

10 least one member selected from the group consisting of alkyl groups, acyl groups, substituted alkyl groups 
and substituted acyl groups; with the proviso that in the oase where plurel R 1 ere Included In one molecule of 
the polymer (P) r the plural R* may be different from each other, 

The compound fine particles can be produced, even If the organic polymer (P) used for the production 
process of the present Invention is hydroly2ed and condensed alone. In addition, the compound fine particles 

16 can also be produced, even if the undermentioned metallic compound (G) is hydrolyzed and condensed to- 
gether with the organic polymer (p). 

The organic polymer (P) includes an organic chain and a polyslloxane group, has at least one combined 
polyeiloxane group per molecule, and has a structure containing at least one ShOR 1 group In the pcdyslloxane 
group. In the organic polymer (P), the structure of an organic chain Is not especially limited. However, for easy 

20 availability of the organic polymer (P), It la preferred that the polysiloxane group and organic chain are bonded 
by e SUC bond, Sl-O-C bond and eo forth, Especially, because the combining site has good resistance to hy- 
drolysis and because hardness in suffering an unfavorable reaction, such as an exchange reection, at the com- 
bining site is desirable; (I Is further preferred that the polyslloxane group and organic chain are bonded by a 
Sl-C bond. 

25 ThB structure of organic polymer (P), as long as it is soluble In either or both of the undermentioned organic 
solvent and water, Is not especially limited. Preferable examples are as follows: a polymer containing a poly- 
slloxane group grafted on an organic chain; a polymer in which a polyslloxane group bonds to one end of an 
organic chain or to both ends; and a polymer containing a polysiloxane group as the core to which two or more 
straight or branched organic chains are bonded (these organic chains may be either Identical with or different 

30 from each other). Herein, the organic chain Is a part of the polymer (P) othBr than the polyslloxane group. The 
main chain in the organic chain mainly contains carbon atoms (the carbon atoms making main chain are from 
50 to 100 mof %) and It Is preferred if the residual part of the chain contains elements, such as N, O, S, Si and 
P, because these are easily obtained. Practical examples of a resin constituting the organic chain are a 
(meth)acryllc reain; a polyolef in such as polystyrene, polyvinyl acetate, polyethylene and polypropylene; a poly- 

55 ester such as polyvinyl chloride, polyvinylldene chloride and polyethylene terephthaiate; a copolymer of the 

abovejampoun compounds, a resin containing a 

(meth)acryllcnibnomer unitls preferred from a viewpoint of the f llnvformability of thB composition of the pres- 
ent invention. 

The R 1 0 group in the Si-OR 1 group Is a functional group that can undergo hydrolysis and/or condensation 

40 and there Is at least one R'O group per one molecule of the organic polymer (P) and, it Is preferred If there 
are 5 groups or more, and more preferred, If there are 20 groups or more. As the number Of R 1 0 groups In- 
creases, the reaction sites for hydrolysis and condensation Increase and fine particles making a stronger skel- 
eton are obtained. Here, R 1 denotes a hydrogen atom or at least one member selected from the group con- 
sisting of alkyl groups, acyl groups, substituted alkyl groups and substituted acyl groups. Although the carbon 

** number of alkyl and acyl groupa la not especially limited, because the rate of hydrolysis of the R 1 0 group Is 
fast, the alkyl and acyl groups having a carbon number of 1 to 5 are preferred. Practical examples of the alkyl 
group Having a carbon number of 1 to 5 are alkyl groups such as mBthyf, ethyl, propyl, Isopropyl, n-buty[, sec- 
ondary butyl, tertiary butyf and penfcyl. Practical examples of the acyl groups having a carbon number of 1 to 
5 are acyl groups such as acetyl and praplonyl. Practical examples of the substituted alkyl and acyl groups 

so are groups In which one or two or more hydrogen atoms In the aJkyl and acyl groups are substituted, for ex- 
ample, by: afkoxy groups, such as mettoxy and ethoxy; acyl groups, such as acetyl and proplony!; halogen 
atoms, such as chlorine and bromine. In the case where plural R 1 exists In one molecule, the plural R' may 
■ be different from each other. Preferable examples of R* ere a hydrogen atom, a methyl group and an ethyl 
group, most preferably a methyl group, because the rates of hydrolysis and condensation become fast. 

« The polyaitoxane group having one or more Si-OR 1 group combined with SI atoms is a group In which two 

or more Si atoms are combined In a straight chain or branched type by the polysiloxane bond (Sl-O-Si bond). 
The number of Si atoms contained in the pofysltoxana group is not especially limited, but from a viewpoint that 
many of the R 1 0 groups can be contained, it is preferable If the average number of Si per one polysiloxene 
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group is four or more and, if it is eleven or more, further preferred. Practical examples of the polysiloxane group 

ere a polymath ylmethoxys I (oxane, polyethylmethoxysiloxane, polymath ylethoxyslloxane, polyethylethoxysi- 

loxene, polyphenylmethoxyeiloxane, pofyphsnyiethoxyslloxane group, etc. 

Preferable is mat, besides bonding with the organic chain and polysiloxane bond (SI-O-SI bond), all the 
5 Si atoms In the polysiloxane group are combined with only the R 1 0 group. In this case, an Ionic character of 

the SI atom Increases and, as a result, the rates of hydrolysis and condensation of the FVO group Increases 

and also, tha reaction sites In the polymer (?) Increase and fine particles having a firmer skeleton are obtained. 

Practical examples of such a polyaltoxane group are a polydlmethoxysiloxane, polydiethoxyalloxane, polydii- 

sopropoxysJIoxane, pofy-n-butoxyafloxane group, eto, 
10 Molecular weight of the organic polymer (P) la not especially limited, but It Is prefaced that the number- 

averega molecular weight is 200,000 or less and more preferred that It is 50,000 or leas. It is unpreferabl© if 

the molecular weight is high, because the organic polymer (P) may become Insoluble in the undermentioned 

organic solvents. 

The organic polymer (P) can be produced by a process hitherto known In public. For example, the under- 

15 mentioned processes (1) to (4) are cttad, but these processes ehow no limitation. 

(1) A process which Includes. In the presence of a ei fane-coupling agent having a double bond group or a 
mercapto group, subjecting a monomer reactive In a radical polymerization reaction to radical (co)pcly- 
merfeation and then, an obtained (co)polymer being hydrolyzed and condensed togetherwith either or both 
of the undermentioned silane compound (H) and derlvatrvee thereof. 

2Q (2) A process which Incfudee hydrolyzlng and condensing a s I lane-coupling agent having a double bond 

group or a mercapto group together with either or both of the undermentioned ailane compound (H) and 
derivatives thereof, and in the presence of a product obtained from the above hydrolysis and condensation 
(hereinafter, the product Is referred to as a polymertzable polysiloxane for ehort), subjecting a monomer 
reactive in a radical polymerization reaction to radical (co) polymerization. 

?5 (3) A process which Includes allowing a silane-coupllng agent having a reactive group, auch as a double 
bond, en amino group, an epoxy group and a mercapto group, to react with a polymer having a group re- 
active with tha above-mentioned reactive group and then, hydrolyzing and condensing a here-obtained 
polymer together with either or both of the undermentioned silane compound (H) and derivatives thereof. 
(4) A process which includes hydrolyzing and condensing a ellane-coupling agent having a reactive group, 

50 such as a double bond, an amino, an epoxy group and e mercapto group, together with either or both of 
the undermentioned silane compound (H) and derivatives thereof and then, allowing a hydrolysis and con- 
densation product (having the aforementioned reactive group) to react with a polymer having a group re- 
active with the above reactive group. 

Among the above processes, the process (2) Is preferred from a viewpoint that the organic polymer (P) 
35 can be easily obtained, and that the compound fine partlclea can be produced with good efficiency. 

The hydrolyzable metallic compound (G) can make a three-dimensional network by carrying out hydrolysis 
and further, condensation. Practical examples of such a metallic compound (G) are a metal halogen Ids, a metal 
nitrate, a metal sulfonate, a metal ammonium salt, an organometalllc compound, an alkoxy-me tall lc compound, 
and derivatives of these metallic compounds, etc. The metallic compound (Q) can be used by only one kind 
40 or by mixing two or more klnda, 

A preferable example of the metallic compound (G) Is such that the metal element constituting the metallic 
compound (G) is at least one metai element selected from the III, IV and Vgroups Inthe periodic table. A further 
preferable metallic compound Is such that the metallic element constituting the metallic compound (G) is at 
least one metal element selected from the group consisting of SI, Al. Tt and Zr, Also, If the hydrolysis rate of 
*e the metallic compound (G) Is equal to that of the rVO group of tha polysiloxane group In the organic polymer 
(P), because the hydrolysis and condensation can be easy controlled, tha SI is extremely preferred ae a metal 
element constituting trie metallic compound (G), 

Practical examples of the metallic compound <G) are boric add. ammonium borate, boron trlbromide, bor- 
on trichloride, boron methy* dlchJoride, trfmethyl borate, triethyl borate, trilsopropyl borate, tributyl borate, me- 
sa thylborlc acid, dimethyl methyiborate, aluminum hydroxide, afumlnum chloride, aluminum nitrate, aluminum 
sulfate, ammonium aluminum sulfate, aluminum trimethoxlde, aluminum trlethoxJde, aluminum trllsopropoxlde, 
aluminum trlbutoxlde, dlmethylalumlnum methoxlde, IsoprcpylefumJnum dJcnlorlde, ethylethoxyalurmnum 
chloride, slllcon(lV) chloride, crtorotrimethylei lane, dichlorodfmethylailane, methyltrichforosifane, dlmelhyldje- 
thoxyellane, phenyltrlhydnoxysilane, hydroxytri methyl silane, dihydroxydlmethylsllane. methyltrlacetoxysilane, 
« dlacaioxydimethylsilane, acetoxytrimethylslfane. tetraacetoxysllane. tetramethoxysifane, tetraeihoxysllane, 
tetraisoproxysilane, tetrabutoxysllane, trimethoxysllana, triethoxysllane , methyltrimethoxysilane, trlmetno*- 
yvlnyleilane, 3-glycidoxypropyltrimethoxy«ilane. 3^hloropropyUrlmethoxyelfane, 3-mercaptopropyttrimethox- 
ysilane, 3-(2-amlnoethyIamlnopropyl) trtmethoxysiiane. phenyltrimethoxysilane, phenyltrlethoxysilane. dime- 
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thoxydlmethylsiiane, dlmBthoxymathylsllanB, d let hoxymethylsl lane diethoxy-3-glycldoxypropy1rr©thylsilane. 
3-chioroprOpyldimethoxyrnethylsllane, dlmethoxymethylphenylsilane, trtmethylmethoxysilane, trimethyle- 
thoxysllane, dimethyldlethoxysllane, dimethoxydtethoxysilane, germanium tetrachloride, methyigerrrranlum 
trichloride dimethylgermanium dlchloride, trirnethylgerrnanlum chloride, methylgermanlum triacetate, dime- 

9 thylgermanlum dtecetate, trirnethylgerrnanlum acetate, germanium tetrameth oxide, germanium tetraathoxkle, 
methylgermanium trlethoxlde, dimethyl germanium dimethoxlde, trlmethylgermeniurrt methoxlde, stannous 
chloride, stannic chloride, methyltln trichloride, dimethyltln dlchloride. trimethyltln chloride, dibutyltln diecetate, 
trlbutyltln hydride, Mmethyftin format©, trimethyltln acetate, triethyltln hydroxide, dimethyltln dlmelhoxide, tri- 
methyltin methoxlde, dlmethyltin dlethoxlde, dibutyltin dibutoxlda, phosphorous add. phosphoric add, phos- 

10 phorus trichloride, phosphorus oxychloride, phosphorus pentachloride, ammonium dlhydrogen phosphate, dla- 
mmonlum hydrogen phosphate, triammonium phosphate, methyl phosphorous dlchloride, phenylphogpheroua 
dichlorlde, dimethyl phosphorous chloride, met hyp hoe phonic dlchloride, methyl phosphorous acid, methylphoa- 
phonlcecld, trlmethyt phosphite, trlathyl phosphite, triieopropyl phosphite, tributyl phosphite, triphenyl phos- 
phite, diethyl methylphosphlte, diethyl phenyl phosphite, ethyl dimethylphosprilt*, ethyl diphenylphoaphite, tri- 

is methyl phosphate, triathyl phosphate, triphenyl phospnate, dimethyl methylphosphate, diethyl ethylphosphate, 
ethyl dimethyl phosphate, methyl diethyl phosphate, titanium<IV) chloride, titanfum(IV) sulfate, methyJtrlchloro- 
tltanlum, dlmethytdichlorotltanlum, tltanium(IV) methoxlde, tltanlum(IV) ethoxlde, titenlum<IV) Isopropoxlde, ti- 
tanium(IV) bytoxlde. tltankamflV) 2-ethylhexoxIde, tltaniurn(tV) diethoxlde dibutoxide, titanium(IV) iaopropoxlde 
trlocta/ate, titanium (IV) dllsopropoxide diacrylate, fcltanlum(IV) trfbutoxide stearate, zlrconlum(IV) chloride, zir- 

20 coniumflV) oxychloride, zirconium(IV) acetate, zirconium(lV) lactate, zlrconlumflV) methoxide, zirecnlumflV) 
ethoxide. zirconium(IV) Isopropoxide, zirconlum(IV) butoxide, and so forth. 

Furthermore, the derivatives of above metallic compounds can be used as the metallic compound (G). The 
derivatives are, for example: 

metallic compounds In which a part of the hydrolyzable groups, such as halogeno. NO a , S0 4 , elkoxy, 

25 acyloxy group, is substituted by a group formable into a chelate compound, such as a dlcarboxylic acid croup, 
an oxycarboxylic acid group, a p-diketone group, 0-ketoester group, 0-diester group and an alkanolamlne 
group; 

or an oligomer and a polymer obtained by subjecting either or both of the above metallic compound and 
chelata-substltuted metallic compound to either or both of partial hydrolysis and condensation reactions; and 
# so forth. 

Preferable examples of the chela te-substltuted compounds are tltsnium(IV) dlieopropoxlde dlacetylace- 
tonate. titanium(IV) oxide acetylacetonate, titanium(IV) dibutoxide bls(triethanofamlnate), tltanium(IV) dihydr- 
oxide dilactate, zirconlumfJV) acetylacetonate, zlrconium(fV) acetylacetonate butoxide, zirconium(IV) butoxide 
trielhanolamine, aluminium acetylacetonate, etc. 
35 Among those compounds, it is preferred to use at least one member selected from the group consisting 

.. « . . _ ,_of_cc; impounds shown bv the following gener a l formul a (1? and their derivatives: _ ( , 

(R*0) m MR\ m (D 

wherein: 

M denotes at least one metal element selected from the group consisting of SI, AJ. 71 and Zr; 
40 R2 denotes a hydrogen atom or at least one member selected from the group consisting of alkyl groups, 

ecyl groups, substituted alkyl groups and substituted acyt groups; 

R3 denotes at least one member selected from the group consisting of alkyl groups, cycloalkyi groups, 
aryi groups, aralkyl groups, substituted alkyl groups, substituted cydoalkyt groups, substituted aryl groups and 
substituted aralkyl groups; 

45 n denotes a valence number of the metal element M; and 

m denotes an Integer of 1 to n; 

with the proviso that in the case where plural R 2 and/or R a are Included In one molecule of the metal 
compound <G), the plural R 2 and/or R 3 may be different from each other. 

Practical examples of the alkyl group In R 2 are methyl, ethyl, isopropyl, n-butyl, secondary butyl, tertiary 
60 butyl, pentyl, etc. Practical examples of the acyl group In R 2 are acetyl, propbnyl, etc. Preferable R 2 are a hy- 
drogen atom, a methyl group and an ethyl group, most preferably a methyl group, because the rates of hy- 
drolysis and condensation of the R 2 0 group becomes fast 

Practical examples of the alkyl group In R° are methyl, ethyl, propyl, Isopropyl, n-butyl, secondary butyl, 
tertiary butyl, pentyl, etc. Those of the cycloalkyi group In R a are cydohexyl etc. Those of the aryl group in R fl 
are phenyl, tolyt, xylyl, etc. Those of the aralkyl group In R* are benzyl etc. The alkyl, cycloalkyi, aryl and aralkyl 
groups which may be substituted denote that one or two hydrogen atoms may be substituted, for example, 
by: alkoxy groups, such as methoxy and an ethoxy group: or functional groups, such as amino, nltro, epoxy 
and hologeno groups. 

9 
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Practical examples of the metallic compound (3) are methyllriacetoxysllane, dimathyldlacitoxyailene, t ri- 
me thyl ace toxys II ana, tetraacetoxysllane, tetramethcxyailene, tetraethoxyeilane, tetralsopropoxysllgne, tetra- 
butoxysilane, methyftrirnethoxysllane, phenyttrirnothoxysllane, phenyltrlethoxysilane, dimethoxydimethylsi- 
lane, dlrmmoxymethylphenylsilane, trimethylmethoxyailane, trimethyletrioxysIIanB, dlmethyldlethoxysllane. 
3 dimethoxydlethoxysllane, aluminum trl methoxlde, aluminum triethoxide, aluminum tnisopropoxlde, aluminum 
trlbutoxlde, dlmethyteluminum methoxide, titanlum(IV) methoxlde, tHanlum(IV) ethoxlde, tltanlum(rV) Isoprop- 
Oxide, titenium(IV) butoxide, titanium(IV) 2-ethylhexaxlde, Itanium (IV) diethoxide dibutoxide. titanium(IV) Iso- 
propoxida trloctarate, tltanfurn(IV) dllaopropoxlde dlacrylate, trtanlum<IV) tributoxide stearate, zlrconlum(IV) 
acetate, zircon lum(IV) methoxlde ,zir*conium(IV)ethoxide, zirconium(IV) isopropoxlde, zlrconlum(IV) butoxide, 

10 etc. Practical examples of the metalllo compound (G) derivatives denoted by the general formula (1) are Mra- 
n(um(IV) dllsopropoxlde dlaeetylecetonate, titenlum(IV) Oxide diacetylacgtonate, tltanlum(IV) dibutoxide 
bls(trlethanolamfnate), tttanlum(JV) dlhydroxide djlactate, zirconium(fV) acetyl ace ton ate, zlrconium(IV) acety- 
lacetonats butoxide, zircon turn (IV) butoxide trlethano I amine , alum Inlunri acelylecetonate, etc. 

It Is preferable to use at least ona kind ©elected from a sllane compound (H) and Its derivatives in which 

is M in the general formula (1 ) is Si, because It Is industrially easily available and does not contain any halogen 
and so forth which badly affects several properties of manufacturing devices and last stage products. 

Practical examples of the siiane compound (H) are methyl trlaeeloxys Ha na, dlmathytdlacetoxysilane, tri- 
methytecetoxyailane. tetraacetoxysilane. tetramethoxysilane, tetraethoxysllane, tetralsopropoxysllane, tetra- 
butoxysllane, methyl trl methoxys I lane, phenyttrlmemoxysllane, phenyltfiethoxyeilene, dlmethoxydlmethylsi- 

20 lane, dlmethoxymethyiphenyisllane, trims thylmethoxysilane, trimathylathaxysllane, dlmethytdlethoxysllane, 
dimethoxydlethoxysllane. etc Practical examples of the sllane compound derivatives era hydrolysis and con- 
densation products or the sllane compound (M). ■ 

Among the sllane compounds (H). the alkoxy eilane compounds are easily available as raw material, and 
so are especially preferable. Alao, If the sllane compound (H) and Its derivatives are the SKOFVU and its der- 

25 lvative. the rates of hydrolysis and condensation are fast and compound fine particles having a firmer skeleton 
are obtained, so that It is preferable. 

The compound fine particles of the present invention are produced by hydrolyzlng and condensing the or- 
ganic polymer (P) solely or together with the metallic compound (G). The method of hydrolysis and condensa- 
tion is not especially limited, because the reaction can be easily carried out, the hydrolysis and condensation 

30 In a solution Is preferable. The solution here-mentioned means a solution containing either or both of the un- 
dermentioned organic solvent and water, and the composition of the solution Is not especially limited. 

Practical examples of the organic solvent are aromatic hydrocarbons, euch as benzene, toluene and xy- 
lene; esters, such as methyl acetate, ethyl acetate, propyl acetate, n-butyl acetate, (sobutyt acetate, ethylene 
glycol acetate monomethyl ether, ethylene glycol acetate monoethyl ether, ethylene glycol acetate monobutyf 

35 ether, propylene glycol acetate monomethyl ether, propylene glycol acetate monoethyl ether and propylene gly- 
col acetate monobutyl ether Ketones, such as acetone, methyl ethyl ketone and methyl isobutyl ketone; ethers, 
such as tetrahydrofuran, dloxane, ethyl ether and dl-n-butyf ether, afcohols, such as methanol, ethanol, i&o- 
propyl alcohol, n-butanol, ethylene glycol, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 
ethylene glycol monobutyl ether, propylene glycol, propylene glycol monomethyl ether, propylene glycol mono- 

40 ethyl ether and propylene glycol monobutyl ether, and halogenated hydrocarbons, euch aa dichloromethane 
and chloroform. One kind or two or more kinds of these organic solvents may be used. It is especially preferred 
to use alcohols, ketones and ethers soluble in water as an essential solvent. 

Although the hydrolysis and condensation of the organic polymer (P) alone or together with the metallic 
compound (G) can be carried out In the absence of a catalyst, one kind or two or more kinds'of an acidic or a 

45 basic catalyst can be used. Practical examples of the acidic catalyst are inorganic adds, such as hydrochloric 
acid, sulfuric add, nitric acid and phosphoric acid; organic acids, such as acetic acid, propionic acid, oxalic 
acid and p-toluenesulfonlc add; and acidic Ion-exchange resins; and so forth. Practical examples of the basic 
catalyst are ammonia; organic amines, such as trletnylamine and tripropyl amine; alkali metal compounds, such 
as sodium methoxlde, sodium ethoxlde, potassium methoxlde, potassium ethoxlde. potassium tertiary-butox- 

so ide, sodium hydroxide and potassium hydroxide; basic Ion-exchange resins; and eo forth. Regarding the kind 
of catalysts, a basic catalyst Is preferable to an acidic catalyst, because an Inorganic component obtained from 
the hydrolysis and condensation forms a firmer skeleton. 

The raw material composition In the hydrolysis and condensation is not especially limited, but It Is prefer- 
able to use the organic polymer (P) In an amount of 0.1 to 60 % by weight, mom preferably 0.5 to 30 % by 
« weight, based on the total amount of the raw material composition (including the organic polymer (p), the met- 
allic compound <G). an organic solvent, a catalyst, water and so forth). A preferable amount of the metallic com- 
pound (G) Is from 0 to BO % by weight and a further preferable amount Is from 0 to SO % by weight, A preferable 
amount of the organic solvent Is from 0 to 99.$ % by weight and a further preferable amount is from 20 to g9 
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% by weight. A preferable amount of the catalyst Is from 0 to 20 % by weigh; and a further preferable amount 
is from 0 to 10 % by weight. 

The amount of water U3ed In Che hydrolysis and condensation Is not especially limited as long as It la ef- 
ficient to convert the organic polymer (P) alone or together with metallic compound (G) into particles, by the 
3 hydrolysis and condensation, however, In order to carry out the hydrolysis and condensation more sufficiently 
and to make a firmer particle skeleton, It Improves as the amount of water Increases. Practically, the mol e ratio 
of water based on the hydrolyzable groups undergoing hydrolysis and condensation Is 0.1 or more, and a pre- 
ferred ratio ia 0.5 or more and a further preferred ratio Is 1 or more, and when the hydrolysis and condensation 
are carried out under these conditions, the compound fine particles are obtained. 
10 The procedure of the hydrolysis and oondenestion Is not especially limited, however, a practical example 

Is carried out hy mixing the organic polymer (P) or tte solution and, In the case where me metallic compound 
(G) is also used, the metallic compound (G) or its solution, into a solution containing water and then, stirring 
the reaction solution at a reaction temperature of 0 to 100 a C , prsf GrabJy from 0 to 70 D C . for from 5 minutes 
to 1 00 hours. At this stage, the organic pofymer (?) or Its solution and the metallic compound (Q) or Its solution 
js are added for the reaction by an optional method, such as mixing together or each Individually, at one time or 
portionwlse, or continuously. Also, oh reversing the adding procedure, the solution containing water may be 
added and mixed into the organic polymer (P) or its solution or the metallic compound (G) or Its solution. For 
the hydrolysis and condensation, one kind or two or more kinds of the aforementioned catalyst can be used. 
The method using a catalyst Is not especially limited, but the catalyst can be used by mixing It with water, an 
2a organic solvent, the organic polymer (P) and the metallic compound (G) beforehand. After the reaction Is fin- 
ished, a by-product formed by the hydrolysis and condensation and the catalyst may be removed by filtration 
0 r distillation and so forth, and a method to isolate the obtained compound f ine particles from the reaction mix- 
ture includes the usual method and the compound fine particles can be Isolated and purified, for example, by 
solvent evaporation, centrifugal separation, reprecipitatlon, ultrafiltration and so forth. 
26 The method of hydrolysis and condensation Is not especially limited as described above, but the under- 

mentioned method is more preferable from a viewpoint that the compound fine particles, having a narrower 
(sharper) particle diameter distribution can be produced. 

That is, the compound fine particles are preferably produced by mixing the following raw material liquids 
(A) and (B) in a reaction vessel to carry out the hydrolysis and condensation. 
so Raw material liquid (A): a liquid Including the organic polymer (P), or a liquid including the organic polymer 

(P) and a hydrolyzable metallic compound (O). 

Raw material liquid (B): a liquid including water. Also, It (3 preferable to f urthermix the following raw material 
liquid (C) with these raw material liquids (A) and (B) In a reaction vessel. 

Raw material liquid (C): a liquid Including a hydrolyzable metallic compound (G). 
35 Furthermore, It Is preferaWe to carry out the hydrolysis and condensation using a raw material liquid (A) 

_ Including at least one kind of hydrolyzable metallic com po und (Q ). „ , 

When the hydrolysis and condensation Is carried out by the above methods, the formation process of the 
compound fine particles accompanied with the hydrolysis and condensation Is easily controlled and the com- 
pound fine particles having a narrower (sharper) particle diameter distribution is obtained. 
40 The raw material liquids (A), (B) and (C) may be supplied into a reaction vessel individually and at the same 

time. The Individual supply of the raw material liquids (A), (B) and (C) Into a reaction vessel means that, without 
mixing before supplying each raw material liquid into the reaction vessel, the supply of each raw material liquid 
is carried out. The supply of the raw material liquids (A), (B) and (C) at the same time Into a reaction vessel 
means to supply those so that, at an optional lime t defined by the following formulae, the supplying ratios of 
46 each of the raw material liquids (A) and (C) based on the raw material liquid (B), X, and Xe are preferably In a 
range of 0.1 to 10, further preferably from 0.2 to $, and extremely preferably from 0,6 to 2, 

X. a (a/A)/(b/B) Xc = (c/cy(b/B) 
In the formulas, A, B and C denote respectively the total amounts of the raw materiaJ liquids (A), (B) and 
(C). Also, a, b and c denote respectively the already supplied amounts at an optional time t of raw material 
so liquids (A), (B) and (C). 

Since the drying process Is essential in the conventional surface treatment of Inorganic fine particles, co- 
hesion and crossllnklng of the particles take place during the drying, the particle diameter of Inorganic fine 
particles becomes large and the particle diameter distribution becomes broad, whereas in the production proc- 
ess of the present invention a uniform reaction is carried out end the rate of formation of the compound fine 
03 particles does not show large unevenness, and therefore the panicle diameter distribution )$ narrow. 

In the surface treatment by a conventional coupling agent for Inorganic particles, there are only a few re- 
active groups (which are readable with inorganic fine particles) per one molecule of the coupling agent and, 
even the sllane-coupling agent, which is a representative coupling agent, usuaJly has at moat three reactive 

11 
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groups per molecule. On the other hand, In the case where all the SI atoms in the pof /alloxans group of organic 
polymer (P) used In the present invention are combined only with afkoxy groups, except for being combined 
with an organic chain and making the polyslloxane bond, the number of reactiv* groups Is greater than a con- 
ventional on«. Even if such an organic polymer Is allowed to react In a solution, It reacts almost quantitatively 
5 because there are many reactive groups, and thereby, a complicated drying process is unnecessary and also, 
the organic polymer can be used effectively, 

(Compound fine particle dtepereion): 

to A compound fine particle dispersion of the present invention Includes compound f Ina particles and a dis- 
persion medium. The compound fine particles have an average particle diameter of 5 to 200 nm and a particle 
diameter variation coefficient of 50% or lees, and Include Inorganicf ine particles and an organic polymer bound 
to surfaces of the Inorganic fine particles. 

Another compound fine particle dispersion of the present fnventlon Includes compound fin a particles and 
is a dispersion medium. The compound fine particles are obtainable by the aforementioned production process 
of the present Invention. 

That is, the dispersion la a dispersion using various dispersion media, such as: 

a dispersion In which the compound fine particles of the present invention ere dispersed in an optional 
solution: 

20 a reaction mixture obtained by the production process of the present Invention; 

a dispersion obtained by displacing a solvent in the reaction mixture with another solvent by distillation 
under heating conditions; and 

a dispersion obtained by isolating the compound fine particles (this Isolation is carried out by solvent 
distillation, centrifugal separation, reprecipitation or ultrafiltration of the reaction mixture) and then dispersing 
25 the isolated compound fine particles Into a dispersion medium. 

The dispersion of the present Invention does not contain large-sized particles, cohered matter or a pre- 
cipitate, and it has properties whereby the formation of precipitates or the golatfon does not occur for a long 
period of time. The dispersed condition of the compound fine particles in the dispersion can be confirmed by 
measuring the particle size distribution by a light-scattering method end so forth. Differing from dispersions 
3d obtained from conventional processes, the dispersion of the present invention is a dispersion in which no co- 
hesion of the compound fine particles occurs and which maintains a sharp particle diameter distribution, 

As to the dispersion medium of the dispersion of the present invention; Its composition etc, are not espe- 
cially limited, but an organic solvent or water (In which an organic chain of the compound fine particles Is solu- 
ble) is preferable. The dispersion (in which the compound fine particles are dispersed in water and/or at least 
25 one organic solvent selected from the group consisting of esters, alcohol e, ketones and aromatic hydrocarbons 
among the organic solvents explained with regard to the aforementioned production process) shows excellent 
storage stability for a long period of time, and has excellent dispersion stability In various organic solvents. 
So this dispersion can be used in various ways, such as an additive to various coatings and molding materials. 
The concentration of the compound fine particles in the dispersion of the present Invention Is not especially 
<o limited, but preferable one Is In a range of 0.5 to 70 % by weight and further preferable one is from 1 to 50 % 
by weight If the concentration Is high, the viscosity of the dispersion becomes high end so it becomes difficult 
to use the dispersion In various ways. 

(Composition for forming a film): 

A composition of the present Invention forforming a film includes a compound fine partlde dispersion. The 
dispersion Includes compound fine particles and a dispersion medium. The compound fine particles have an 
average particle diameter of 5 to 200 nm and a particle diameter variat/dn coefficient of 50 % or lass, and In- 
clude inorganic fine particles and an organic polymer bound to surfaces of the Inorganic fine particles. 
60 Another composition of the present invention for forming a film Includes a compound f Jna particle disper- 
sion. The dispersion Includes compound fine particles and a dispersion medium, The compound fine particles 
are obtainable by the afore mentioned production process of the present Invention. 

The organic polymer constituting the compound fine particles contained tn the composition for forming a 
film is not especially limited, but preferable ones are a (meth)acryl-based resin, (meth)acTyt-styrene-based 
55 resin and (meth)acryl-polyestsr-based resin. 

When compared with conventional compositions for forming a film, since the composition of the present 
Invention contains the compound fine particles, the physical properties of coated films are Improved when com- 
pared with conventional films. For example, a composition forforming a film (obtained by adding the compound 

12 
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fine particles of the present invention into a common resin Tor coating etc.) gives a paint film showing excellent 
coated film properties, such as surface hardness, heat resistance, abrasion resistance, dirt resistance end so 
forth. 

If the composition forforming a film contains an organic matrix (such as a resin for coating), the compound 

a fine particles display a good affinity with the organic matrix, and the organic polymer <conta!ned in the com- 
pound fine particles) can serve 86 a binder. Therefore, oven if the composition Itself is coated on various kinds 
of base materials, an obtained coated f Um does not cause white muddlness or cracking end so la excellent In 
the properties, such aa weather resistance, dirt resistance, dirt elimlrtataNHty> surface hardness, abrasion, re- 
sistance, chemical resistance, adhesiveness end heat resistance. 

io The compound fine partldes obtained by the present Invention have a structure In which the organic poly- 

mer is bound to surfaces of inorganic fine particles. 8fnce the organic polymer eervee es a binder, the oonv 
pound fine particles can form a coaled film even If the compound floe particles themselves are solely coated 
on the undermentioned various kinds of base materials. So the composition including the dispersion of the com- 
pound fine particles can provide an excellent coated film which Is transparent and glossy. 

is As to the composition of the present invention. He amount or the presence or absence of other components, 

euch as resins for coating, are not especially limited as long as the composition includes the dispersion con- 
taining the compound fine particles. However, if the organic polymer contained in the composition forms a 
croeslinked structure in a coated film mads by coating the composition; then the coated film properties, such 
as chemical resistance, heat resistance and surface hardnese, are favorably improved. 

20 Examples of the compositions (containing the organic polymer which forms a cross linked structure in a 
coated film made finally after coating the composition) are given below: 

(1) a composition which Includes a dispersion and a compound or resin having two or more functional 
groups (Y) readable with a functional group (X), wherein the dispersion contains compound fine particles 
having the functional group (X) and being obtainable by the aforementioned production process using an 

25 organic polymer (P) having the functional group (X): 

(2) a composition which includes a first dispersion and a second dispersion, wherein the first dispersion 
contains first compound fine particles having a functional group (X) and being obtained by the aforemen- 
tioned production process using an organic polymer (P) having the functional group (X), and wherein the 
second dispersion contains second compound fine particles hevlng a functional group (Y) reactable with 

so the functional group (X) and being obtained by the aforementioned production process using an organic 
polymer (P) having the functional group (Y); 

(3) a composition which Includes a firsl dispersion, a second dispersion, and a compound or resin having 
two or more functional groups (Y) reactable with a functional group (X), wherein the first dispersion con- 
tains first compound fine particles having the functional group (X) and being obtained by the aforemerv- 

3$ tioned production process using an organic polymer (P) having the functional group (X), and wherein the 
second dis persion contains sec ond com pound fine particle s having a f unctional group (W) reactable with _ 

the functional group <X) and being obtained by the aforementioned production process using an organic 

polymer (F) having the functional group (W); and 

(4) the above-mentioned compositions (1) to (3) which further contain a compound and/or resin having 
40 two or mors functional groups (X). 

Preferable examples of the functional group (X) are groups, such as hydroxy!, carboxyl, amino, epoxy, mer- 
capto, oxazdine and aldehyde groups. Preferable examples of the functional groups <Y) and (W) reactive with 
the functional group (X) are groups, such as teocyanale, epoxy, hydroxy!, marcapto, amino, unsaturated, and 
carboxyl groups. 

45 In the compound fine particles having the functional group (X), (Y) or (W), the number of each functional 

group Is not especially limited, but if It is too small, there is a trend that the number of cnosslinking points de- 
creases and the coated film properties such as chemical resistance, heat resistance, surface hardness and 
so forth lower- 
in particular, the composition (which Includes a di$per6lon containing compound fine particles having a 
so hydroxyl group as Ihe functional group (X) and further Includes at least one compound (J) selected from the 
group consisting of polyfunctlonal Isocyanace compounds, melamine compounds and amlnoplasr. resins as the 
compound and/or resin having two or mora functional groups (Y) reactable with a hydroxyl group) has excellent 
storage stability and can give a glossy coated film with excellent properties, such as dirt resistance, flexibility, 
weather resistance and storage stability. So such a composition ia preferable. Similarly to the above, a pre- 
ss ferable composition for forming a film Includes a dispersion containing compound fine particles having a hy- 
droxy! group in the organic polymer, and further includes at least one compound (J) selected from the group 
consisting of polyfunctions! Isocyanate compounds, melamine compounds and ami nopiast resins. 

Preferable examplea of the polyfunctions! isocyanate compounds are an aliphatic, alfcyclic, aromatic com- 

13 
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pound, other polyfunctions! Isocyanate compounds and modified compounds of the above compounds. Prac- 
tical examples of the polyfunctionai isooyanate compounds are a biuret product and/or an isocyanate product 
of tolylene ddsocyanate, xylytene difeocyanate, diphenylmethane diisocyanate, hexamethylene diisocyanate, 
isophorone diisocyanate, llgin diisocyanate, ^2,4-trlmethyfhexylmethane diisocyanate, methylcyclohexane 

s diisocyanate, 1,6-hoxamethylene diisocyanate and bo forth; a trlmer of an Isocyanurate and so forth; com- 
pounds being formed by a reaction of the above polyfunctionai Isoeyanatas with a polyhydric alcohol, such as 
propanediol, hexanedlol, polyethylene glycol and trimethylolpropane, in which two or more Isocyanate groups 
remain; blocked polyfunctionai isooyanate compounds In which the above polyfunctionai compounds were 
blocked by alcohols, auoh as ethand end haxanol; compounds having a phenolic hydroxy! group, such a? phe- 

ia no! and erase I; oximes, such as acetoxlme and methyl ethyl ketoxlme; and lactams, such as e-caprofactam 
and T-caprolactam. These polyfunctionai iaoeyenete compounds can be used by one kind cr a mixture of two 
or more kinds. In the above compounds, a polyfunctionai Isocyanate compound which does not have an i$0- 
cyanate group combined directly with an aromatic ring la preferable In order to prevent a unpreferable color 
change Into yellow. 

15 Examples of the melamine compounds are dimethylolmelamine, trimethylolmelamine, tetrarnethylotmela- 

mino, pentamethylolmelamine, hexamethylolmel amine, an isobutyl ether type of melamlnB. a n-butyl ether 
type of melamine, butylated benzoguanamine, etc. 

Practical examples of the aminoplast resins are an aikyl-etherized metemine resin, an urea resin, a ben- 
20guanamine resin, etc. These resins can be used alone or as a mixture or co-condensed product of two or 

ao more kinds. 

The alkyl-etherfzed melamine resin is such as obtained by converting an aminotriazine into a mathyfol der- 
ivative followed by converting this methylol Into an alkyl ether derivative by cyclohexanol or an alkano! having 
a carbon number of 1 to 6. Representative resins are a butyl-etherized melamine resin, methyt-ethenzed mef- 
amine resin, methyl and butyl-mixing melamine reein. Also, a sulfonic acrd-based catalyst, such as p-totuene- 
25 sulfonic add and Sta amine salt can be used to accelerate curing. 

If a polyof (Q) containing two or more hydroxyl groups per molecule ie contained In the composition of the 
present invention, the coated film properties (such as hardness, flexibility, chemical resistance and so forth) 
of an obtaining coated film are elevated, go that It ie further preferable. 

The polyol (Q) containing two or more hydroxyl groupa per molecule/ ia not especially limited as long as it 
so soluble In the aforementioned organic solvents, but It Is preferable If It has compatibility with an organic poly- 
mer in the compound fine particles, because the gloae and transparency of coated film are elevated Accord- 
ingly, a polyol having the composition of the organic polymer is most preferred. 

Preferable examples of the polyol (Q) are a polyol obtained by polymerizing a monomer component con- 
taining the undermentioned hydroxyl group-containing unsaturated monomer and a polyester polyol obtained 
35 in a condition of excess hydroxy! groupa. These compounds can be used alone or as two or more kinds. 
Preferable examplea of the hydroxyl group-containing unsaturated monomer are as follows: 
(a) hydroxyl group-containing unsaturated monomers, audi as 2-hydroxyethyf acrylate, 2-hydroxypropyl 
acrylate, 2-hydroxy ethyl (meth)acrylate. 2-hydroxypropyl (meth)aorylate, allyl alcohol, homoa By alcohol, 
clnnamic alcohol and crotonyl alcohol; 
40 (b) hydroxyl group-containing unsaturated monomers Obtained from reactions of a dihydric alcohol or an 

e poxy compound (euch as ethylene glycol, ethylene oxide, propylene glycol, propylene oxide, butylene gly- 
col, butylene oxide, 1,4-bi$(hydroxymothyf)cyclohoxBne T phonylglycldyl ether and glycidyl decanoate) with 
an unsaturated earboxyiic acid (such as acrylic acid, methacryllc acid, malelc acid, fumarlc acid, crotonic 
acid and itaconic acid); and 

4$ (c) hydoxyl group-containing unsaturated monomers, such as Placcel FrVM (a 1-mol a-caprolectoneadduct 

of 2-hydroxyetnyl (meth)acryiate. made by Daiaeru ChBmicai industries Co.. Ltd.), obtained from an ad- 
ditive reaction between 2-hydroxyethyl (meth) acrylate and organic lactone chains. 
A polyol can be produced by polymerizing at least one kind or more selected from the above nydroxyl group- 
containing unsaturated monomers. 
so Also, the polyol can be produced by copolymerizlng: 

one or more kinds of ethylenlc unsaturated monomers, which are selected from the following com- 
pounds: ethyl acrylate, n-propyl acrylate, Isopropyl acrylate, n-butyl acrylate, tertiary- butyl acrylate. ethylhexyi 
acrylate, ethyl methacrylate, n-propyl meth acrylate, Isopropyl methacrytaLe, n-butyl methacrylete, tertiary-bu- 
tyl methacrylate, 2-ethylhexyl methacrylate, glycidyl methacrylBte, cydohoxyt methacrylate, Isobuty! metha- 
55 crylata, lauryl methacrylate, styrene, vinyl toluene , 1-rnethylstyrene, acrylic acid, methacrylic acid, acrylonitrile 
vJnyl acetate, vinyl propionate, vinyl stearete, allyl acetate, dlallyl adlpJnate, dla/lyl Itaconate, diethyl meleate, 
vinyl chloride, vinylidene chloride, acrylamlde, N-melhyloiacrylamide. Nf-butoxymethylacryl amide, diacetone 
acrytamide, ethylene, propylene, leoprene, etc.; and 

14 
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a hydroxyl group-containing unsaturated monomer selected from the aforementioned monomers (a) and 

(b). 

The molecular weight of a poiyol obtained by polymerizing the monomer component containing a hydroxyl 
omup-contalning unsaturated monomer is in a range of 1,000 to 500,000 and a preferable one is from 5,000 
5 to 100,000. Also, the hydroxyl veJue Is In a range of 5 to 300 and a preferable one Is from 10 to 200, 

A polyester poiyol obtained In a condition having excess hydroxyl groups can be produced, for example, 
by carrying out a reaction between: 

a polyhydrlc alcohol, eueh as ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol. 
1,3-butenedbl, 1,4-butanedlol, 1,5-penfcanediol, neopentyl glycol, hexamethylene glycol, decern* thy lane gfy- 
io coJ, dacamethylene glycol, 2,2 p 4-trimethyM,3-pentanediol, trimethylol propane, hexanetriol, glycerol, pentaer- 
ythritoi, cyclohfixanedlol, hydrogenated blaphenol A, bia^ydroxymethyOcyclohexane, hydroqulnone-bie(hy- 
draxyethyl ether). tr1s(hydroxyethyl)lsocyanurate and xylytene glycol; and 

e polybaslc acid, auch as maleic acid, tumeric acid, succinic acid, adlplc acid, eebacic acid, azelalc acid, 
trlmellltlc acid, terephthallc acid, phthalic acid and Isophthallc acid; 
it under a condition where the number of hydroxyl groups In the pdyhydric alcohols Is more than the num- 

ber of carboxyl groups In the polybaslc acids. 

The molecular weight of a polyester poiyol obtained in the aforementioned condition of excess hydroxyt 
groups Is in a range of 500 to 300,000 end preferable is from 2.000 to 100,000. The hydroxyl value Is In a range 
Of 5 to 300 and preferable ie from 10 to 200. 
' 20 Although the amount Of ths polyot (Q) added Into the composition for forming a film Is optional, the weight 

ratio in the composition for forming a film between the polyo! (Q) and the compound fine particles Is In a range 
of 0/100 to 99/1 and preferable is from 30/70 to9575. When the ratio of poiyol (Q) Is30%ormore. the flexibility 
of coated film is high and. when the ratio of the compound fine particles is 5 % or more, the properties of coated 
film (such as weather resistance, dirt resistance, dirt ellmlnatability, surface hardness, abrasion resistance, 
25 chemical resistance, adhesiveness and heat resistance) ere excellent. 

A preferable example of the poiyol (Q) is the aforementioned polyester poiyol. An acrylic poiyol b preferably 
used, which Is a poiyol obtained by polymerizing a monomer component including the aforementioned hydroxyt 
group-containing unsaturated monomer and which Is a poiyol having a <meth)acryUc monomer unit etc Ac- 
cording to the use, either one of the polyester poiyol and acrylic poiyol may be used or both may be used. 
30 The number of hydroxyl groups in the poiyol (Q) Is not especially limited as long as It Is two or more per 
molecule, but If the hydroxyl velue In a solid portion is 10 or lees, the number of crosslinking altos decreases 
and there is a trend that chemical resistance, water resistance, heat resistance, surface hardness and so forth 
is reduced. 

The composition of the present Invention may be a dispersion In which the compound fine particles are 

ss dispersed in various organic solvents and/or water as the dispersion medium. Although the kind and compc- 

_dtion..otthe.jd]6pecsloji^ . .. 

organic solvent and water In which an organic chain (contained In the compound fine particles) is soluble. Pre- 
ferable organic solvents like the above are, for example, ths aforementioned organic solvents which are used 
In the production process of the present invention. The amount of either one or both of the organic solvent and 

40 water used Is not especially limited and a suitable amount Is adopted. Also, e dispersion medium further' con. 
talnlng other components (such as various kinds of resins for coaling) may also be used. 

One or more kinds of additives may be mixed Into the composition for forming a film. The additive used 
for the composition is not especially limited, and preferable examples are various kinds of leveling agents, pig- 
ment dlspersants, ultraviolet absorbents, antioxidants, viscosity improvers, light stabilizers, metal deactiva- 

45 tors, peroxide-decomposing agents, f illers, reinfercers, plaetlctzers, lubricants, anticorrosives, rust inhibitors, 
emulslflers, casting decoloring agents, carbon black, fluorescent brightening agents, organic antifiaming 
agents, inorganic antifiaming agents, tearing Inhibitors, fusBdflow improvers, antistatic agents. The preferable 
additives have been described in the specification of Canadian Patent No, 1,190,036. 

A pigment can be added to the composition of the present invention and ite kind Is not especially limited. 

so Preferable examples are Inorganic pigments, such ss chrome yellow, molybdate orange, Berlin blue, cadmium- 
based pigments, titanium white, complex oxide pigments and transparent Iron oxides; and organic pigments, 
such as pigments of a cyclic type and a high daee. soluble azo pigments, copper phthalocyanlne pigments, 
dyeing pigments and pigment intermediates. 

In the case where the composition of the present Invention contains at least one compound (J) selected 

ss from polyfu notional Isocyanate compounds, melamlne compounds Bnd arninopiaet resins; then, an additional 
use of a hardening catalyst Is preferabl e to accelerate the crosslinking reaction. An acidic and a basic hardening 
catalyst can be used as (he catalyst. Practical examples of the acidic hardening catalyst are organic sulfonic 
ecios, such as toluenesulfonic acid, methanesulfonic acid and dodecylbenzenasuKonlc acid. Practical exaro- 

15 
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plea of the basic hardening catalyst are: amlne-based catalysts, such as tria thiamine , methyllmldazol, acridine 
and hexadecyltrimethyl ammonium atearate; and organic tin compounds, such asdibutyltindilaurala, dlbutyKIn 
diacetate and stannous octate. One or more kinds of these hardening catalysts may be used and, If necessary, 
a promoter may be used Jointly. 

8 The composition of the present Invention can form a coated film on an Inorganic elementary material, such 

B3 aluminum, stainless steel, gaJvanized iron, tin plate, steel sheet concrete, mortar, slate and glass; on an 
organic elementary material, auch as polycarbonate, polymethyl mathacrylate, polyethylene taraphthalete and 
paper; and on a film. Also, It can be used according to a common method, such as Immersing, spraying, brush 
coating, roller coating, apln coating and bar coating, 

10 For the coated film obtained from the composition of the present invention, If necessary, baking drying 

may be carried out 

For example, a coated film ie formed by heating for 0,2 or more minutes at a temperature In a range of 
room temperature to 300 °C . This film is transparent and glossy, and eo excellent 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, this invention Is Illustrated by the following examples of some preferred embodiments In corrv 
parJson with comparative examples not according to the Invention. 

The polymerizable polyaMoxanee and the organic polymers (P), used in the later- mentioned Examples, 
20 were synthesized by the following Production Examples 1 to 14. 

PRODUCTION EXAMPLE 1 

(Synthesis of polymerizable polysiloxane (S-1)): 

26 Into a four- necked 300 ml flask equipped with a stirrer, thermometer and condenser wore placed 144.5 g 

of tetramethoxysllane, 23.8 g of y-methacryloxy propyl trimalhoxysi I ana, 19 g of water, 30.0 g of methanol and 
S.Og of AMBERLYST15 (cation exchange rosin made by Rohm and Haas Japan K. K.),The resulting mixture 
was Btirred at 65°C for 2 hours to carry out a reaction. The reaction mixture was cooled to rqorn temperature 
and then the condenser of the flask was replaced with a distillation column with which a condenser having an 

30 outlet for a distillate was connected. The temperature of the reaction mixture wad gradually raised to 80°C over 
a period of 2 hours under normal pressure and then maintained at the eame temperature till methanol distilled 
no more. Then, the temperature of the reaction mixture was maintained at 90 6 C under a pressure of 200 mmHg 
to further advance the reaction till methanol distilled no mora. Tha reaction mixture was again cooled to room 
temperature and then the AMBERLYST 15 was separated by filtratron, whereby a polymerizable polysiloxane 

35 (s-1) having a number-average molecular weight of 1.800 was obtained. 

PRODUCTION EXAMPLE 2 

(Synthesis of polymerizable polysiloxane (S-2)); 

*o Into a four-necked 300 ml flask equipped with a stirrer, thermometer end condenser were placed 129.3 g 

. of methyltrlmethoxyellene. 23.4 g of y-methacryloxypropyltrimethoxysilanB, 18.8 g of water, 30,0 g of methanol 
and 1.0 g of 35% hydrochloric acid. The resulting mixture was stirred at65°Cforl hour to carry out a reaction. 
The reaction mixture was cooled to room temperature and than the condenser of the flask was replaced with 
a distillation column with which a condenser having an outlet for a distillate was connected. The temperature 

<s of the reaction mixture was gradually raised to sa 4 c over a period of 2 hours under normal pressure and then 
maintained at the same temperature till methanol distilled no more. Then, the temperature of the reaction mix- 
ture was maintained at 90"C under a pressure of 200 mmHg to further advance the reaction till methanol dis- 
tilled no more. Next, 2.0 g of trlethyfamine was added to the flask, whereby a white precipitate was formed. 
The Inside temperature of the flask was raised to 90-C to remove t Methyl amine by distillation at 200 mmHg, 

50 The reaction mixture was again cooled to room temperature end then the precipitate was separated by filtra- 
tion, whereby a polymeria We polysiloxane (5-2) having a number-average molecular weight of 3,000 was ob- 
tained. 

PRODUCTION EXAMPLE 3 

(Synthesis of polymerizable polysiloxane (S-3)): 

The procedure of Production Example 1 was repeated except that 14.1 g of vlnyltrlmethoxysllane was sub- 
stituted for rmethacryloxypropyltrimethoxyeilane; whereby a polymerizable potyalloxane (S-3) having a nun> 

16 
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ber-average molecular weight of 1,500 wee obtained. 
PRODUCTION EXAMPLE 4 

s (Synthesis of polymerizable pdyailoxane ($-4)): 

Into a four-necked 300 ml flask ©quipped with a stirrer, thermometer and condenser were placed 867 g 
of tetraacetoxyallane, 8.1 g o^r~n iBthacr y |ox yP ro Py |trim9tho ^ ilfln *» 65 9 of water, 18 g of methanol and 3 
g of AMBERLYST 15 (as mentioned previously). The resulting mixture waa stirred at 65*C for 2 hours to carry 
out a reaction. The reaction mixture wad cooled to room temperature and than the oondeneer of the f leak waa 

to replaced with a distillation column with which a condenser having an outlet for a distillate waa connected. The 
temperature of the reaction mixture w@b gradually raised to S0*C over a period of 2 hours under normaf pres- 
sure and then maintained at the eame temperature till methanol distilled no more. Then, the temperature of 
the reaction mixture waa maintained at 90°C undar a pressure of 200 mmHg to further advance the reaction 
till methanol or acetic acid distilled no more. The reaction mixture was again cooled to room temperature and 

is then the AMBERLYST 15 was separated by filtration, whereby a polymerteable polyslloxana (S-4) having a 
number-average molecular weight of 2,000 was obtained. 

PRODUCTION EXAMPLE 5 

20 (Synthesis of organic polymer (P-1)): 

Into a 1-ilterflask equipped with a stirrer, dropping funnel, thermometer, condenser and N 2 gas-introducing 
cube was placed 200 g of toluene and Introduced a N 2 gas. The inside temperature of the flask was raised to 
11 0°C while stirring. Next, a solution {which wa3 beforehand prepared by mixing 20 g of the polymerizable poly- 
slloxana (S^1) (obtained in Production Example 1). 90 g of methyl methacrylate, 90 g of butyl acrylate end 6 

25 g of 2,2'-azobjsisobutyronltr|le with each other) was dropwise added from the dropping funnel into the flask 
over a period of 2 hours. Then, the resulting mixture was Stirred at 110 d C for 1 hour and then 0.4 g of 1,1"- 
bls(tertiar/-butylpBroxy)-3,3,5-trimethy1cyclohexane was added initially and again after an interval of 30 min- 
utes. The flask was heated further for 2 hours to carry out a copolymerization reaction, whereby a solution (In 
which an organic polymer (P-1) having a number-average molecular weight of 2,000 was dissolved in toluene) 

3Q was obtained. In Table 3 are shown the number-average molecular weight and the solid content of the organic 
polymer (P-1). 

PRODUCTION EXAMPLES 6 TO 14 
35 (Synthes is of organic polymers (P-2) to (P-1 0)): 

Tbe .OtojCOjdurauCrf.J^ducil repeated RYC9pLthaUhflTaw.matenals_Li3ad..wacfi^chaQgad . _ . 

to those Shown In Table 1; whereby solutions (in which organic polymers (P-2) to (P-10) ware dissolved in or- 
ganic solvents) were obtained, in Table 3 are shown the number-average molecular weight and the solid con- 
tent of each of the organic polymers (P-2) to (P-10). 
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AIBN denotes 2,2-a2obf8iosobutyronitirile; 

BPTC denotes 1 ,1'-bis-iartlaf y-butylperoxyJ-S^.S-trimethyicyclohexane; 

MMA denotes methyl methacrylate; 

BA denotes butyl acrylate; 
6 St denotes styrene; 

EA denotes ethyl acrylata; 

2-EHMA denotes 2-ethylhexyl methacrylate; 

AAm denoted acrytemfde; 

AA denotes acrylic acid; 
w HEM A denotes 2-hydroxyethyl methacrylate; 

PhCH 3 denotes toluene; end 

AcoBu denotes n-butyl acetate* 



PRODUCTION EXAMPLES 15 TO 18 

16 

(Synthesis of organic polymers (P-1 1) to (P-14)): 

The procedure of Production Example 5 was repeated except that the raw materials used were changed 
to those shown In Table 2; whereby solutions (in which organic polymers (P-11) to (P-14) were dlssofved In 
organic solvents) were obtained, fn Table 3 are shown the number-average moiecufar weight and the solid con- 
20 tent of each of the organic polymers (P-11) to (P-14). 
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In Tabte 2 above, 

AIBN denotes 2,2'-azobi3lsobutyronitrile; 
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BPTC denotes l.r-bls^Brtlary-butyiperoxyJ^.a.S-trimethylcyclohBxana; 
MMA denotes methyl methacrylaia; 
BA denotes butyl acryiate; 
CHMA denotes cydohexyl methacrylate; 
5 St denotes styrene; 

2-EHMA denotes 2-ethylhexyl methacrylate; 
AAdenotaa acrylic ecfd; 
HEMA denotes 2-hydroxyethyl methaerylela; 
PhCH 3 denotes toluene; and 
10 AcOEt denotes ethyl acetate, 

The number-average mofecular weights of the polymerfzable polyslloxaneis (obtained in Production Ex- 
amples 1 to 4) and of the organic polymers (P) (obtained In Production Examples 5 to 18) were analyzed by 
the following method: 



16 (Number-average molecular weight. Mn): 

The number-average molecular weight calculated In terms of standard polystyrene was measured by gel 
permeation chromatography (GPC) under the following conditions: 

20 (Preparation of sample): 

Tetrahydrofuran was used as the solvent, and 0.05 Q of the porymerizable pofyslloxane or of the organic 
polymer (P) was dissolved into 1 g □/ tetrahydrofuran. whereby a sample was obtained. 

25 (Apparatus): 

A high-speed GPC apparatus, HLC-6020 made by TOSOH Corporation, was used. 



(Column): 

30 

G3000H, G2000H and GMHxl. made by TOSOH Corporation, were used. 
(Standard polystyrene): 
a* TSK Standard poJystyrene, made by TOSOH Corporation, was used. 

(Measurement conditions): 



The measurement was carried out at a measurement temperature of 35°C and at a flow rate of 1 ml/mln. 
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TABLE 3 





Oroanle oolvmer (P) 


Number-average 
molecular weight (Mn) 


Solid content of polymer 
(wt, %) 


Production Example 5 


P-1 


12,000 


49.5 


Production Example 6 


P-2 


15,000 


49.0 


Production Example 7 


P~3 


13,000 


49.5 


Production Example a 


P-4 


10.000 


49.0 


Production Example 9 


P-5 


14.000 


49.0 


Production Example 10 


P-6 


14.000 


49.5 


Production Example 11 


P-7 


17.000 


49.0 


Production Example 12 


P-8 


15,000 


49.5 


Production Example 13 


P-9 


20,000 


49.5 


Production Example 14 


P-10 


13.000 


49.0 


Production Example 15 


P-11 


14,000 


49.5 


Production Example 16 


P-1 2 


15,000 


49.0 


Production Example 17 


P-1 3 


125,000 


49-0 


Production Example 18 


P-1 4 


12.000 


49.5 



EXAMPLE 1 

30 

(Synthesis of compound fine particle dispersion <Z-1)); 

Into a four-necked 500 ml flask equipped with a stirrer, thermometer and two dropping funnels (A end B) 
were placed 2G0 g of n-butyi acetate and 50 g of methanol, and then the inside temperature of the flask was 
adjusted to 20°C . Next, while the contents of the flaek were stirred, raw materia] liquide Aand B were dropwise 

3$ added from the droppfng funnels Aand B, respectively, into the flask over a period of 1 hour The raw material 

li quid Awae a solution prepared by mixing 20. fl of a n-butyl acetate solution of the organic polymer (P-1) (ob- 
tained In Production Example 5) with 30 g of tetremethoxysilane and also with 20 g of n-butyl acetate; and the 
raw material liquid B was a solution prepared by mixing 20 g of a 25 % aqueous ammonia solution wtth 20 g 
of methanol. After completion of the dropwise addition, the resulting mixture was stirred at 20°C for 2 hours, 

40 whereby a compound fine particle diaperaion (Z-1) was obtained. In Table 6 are shown the following data: the 
concentration of the compound fine particles in the dispersion; the Inorganic matter content of the particles: 
the average particle diameter of the particles; the variation coef f Iclen t of the parti cles; the alkoxy group conten t 
of the particles; and the stability of the dispersion over a period of time. 

in addition, the dispersion (Z-1) was dried by heating them ac 120°C and 150 mmHg for 3 hours to obtain 

45 the compound fine particles. The specific surface area of the particles was measured using Autosorb-6 (an 
apparatus for measuring a gas-adsorption IbvbJ, made by Yuasa ionics Co., Ltd.). As a result, R was 4.8 rn 2 /g. 
In addition, the temperature of the particles was raised to 600*C and then maintained at this temperature for 
2 hours to thermally decompose the organic polymer (wnlch was contained in the partJciea). As a result, the 
specific surface area of Ihe part Ides Increased to 227.6 m 2 /g. 

90 

EXAMPLE 2 



(Synthesis of compound fine particle dispersion (2-2)): 

Into a four- necked 500 ml flaek equipped with a stirrer, thermometer and two dropping funnels (A and 3) 
$6 were placed 200 g of n-butyl acetate and 50 g of methanol, and then the inside temperature of the flask was 
adjusted to 20 D C . Next, while the contents of the flaek were stirred, row material liquids A end Bwere dropwisa 
added from the dropping funnels Aand B, respectively, into the flask over a period of 1 hour. The raw material 
liquid A was a solution prepared by mixing 40 g of a n-butyl acetate eolution of the organic polymer (P-1) (ob- 

23 
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tained In Production Example 5) with 40 g of n-butyf acetate; and the raw material liquid B was a solution pre- 
pared by mWng 5 g of a 25% aqueous ammonia solution with 5 g of methanol. After completion of thedropwise 
addition, the resulting mixture was stirred at 20'C for 2 hours, whereby a compound fine particle dispersion 
(2-2) wa3 obtained. In Table 3 are shown the following data: the concentration of the compound fine particles 
5 In the dispersion; the inorganic matter content of the particles; the average particle diameter of the particles; 
the variation coefficient of the partldes; the alkoxy group content of the particles; and the stability of the dis- 
persion over a period Of time. 

EXAMPLES 3 TO 16 

to 

(Synthesis of compound fine particle dispersions (Z-3) to (2-16)): 

The procedure of Example 1 was repealed except that the kind of each of the org ante eclvent, organic poly- 
mer (P) and metallic compound (G) as well as the amount of each of the organic solvent, aqueous ammonia 
solution and metallic compound (Q) was changed to those shown in TaWea 4 and 5; whereby dispersions fi- 
ts 3) to (Z-15) were obtained. InTablesB and 7are shown the foil owing data; the concentration of the com pound 
fine particfes In each dispersion; the inorganic matter content of the partldes; the average particle diameter 
• of the particles; the variation coefficient of the particles; the alkoxy group content of the particles; and the sta- 
bility of each dispersion over a period of time. 

20 



26 



35 



40 



45 



SO 



GO 



24 



PAGE 66/100 * RCVDAT12/6/2007 2:54:09 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5/21 * DNlS:2738300 * CSID:651 699 7901 * DURATION (mm-ss):14-26 



12/06/2007 15:06 FAX 651 699 7901 



Robert J. Jacobson 



121067/100 



EP0 661 311 A2 




s 






(Q - 

— ' CQ 

C 1 

49 

<H — 

cr 
* — 

Mi 


Organic 
solvent 


0 

C\J 

S 

<=> 


in 

Of 

3C 


C*J 

5C 


1X5 
C^J 
CM 

0 


KeOll 20 


3 
01 

X 


^> 
%P 

3= 
A) 


w 

15 






i e> 

CsJ Z 


0 

CM 


in 




O 

cvl 


0 

cM 


0 

M 


0 




c 

c 

-♦-» 


5 


CJ -g 
^> E 

X « 


0 

n 
CO 


1 


0 

■v 

to 
X 


CD 
CI 

cO 
X 


ro 
S3 


C3 

i 




20 




id 

o 
u 

«*-. 
o 

IS 

c 


9 

a- 

<tJ 

V 

cd 

a 


V 

c 

ez ej 

oA > 
HO r-r* 
U O 
O °3 




ego 

s 


1 


ac 
O 

CM 

3= CM 
CO 


O 

CM 

4-1 

£■3 
O 

U 


0 

CM 

u 
X 


0 

9 

m 

C5 
CJ 


25 


W 


B 

IU 

o 


% 

«d 

p£ 


O 

c ■ *-» 

«a >% a. 


O 
SM 

1 

A. 


0 
1 

a. 


1 

P~ 


EM 


1 

ex. 


CM 
1 


CM 
1 


90 


< 




>» 

W — * T? 
C ~l 41 

¥.2 if- 

CO = CJ 


0 — 

s= s 

I. 


O O 
CM 

Si 

O O 
O 0> 
-1 X 


<=> 0 
0 to 

CM 
S3 

O O 
U V 

< se 


O O 

CM 

CD 3^ 
O O 

cp to 
<< X 


CM 

CM 
5j 
O 
-*-> 
ui 


0 0 

0 10 

CM 

UJ = 

0 0 

•< X 


CM 


^ X 


35 






e 

o 

to 

V 

& 


T 

w 


1 

tSJ 


cO 
1 


«*« 

1 , 


us 
1 


US 

«^ 


1 

C*3 


























40 






u 

B. 

a — 


V 

e cm 

M I 

u 


4) 

e *o 


V 

& 


-£ 

S m 
0 

M 

fee] 


& 

■ «o 

O 
M 

M 


41 

J 1 



46 In Table 4 above, 

AcOBu denotes n-butyl ecetate; 

MeOH denotes methanol; 

MS ere notes tetrametnoxysltene; 

EtOCH 2 CH 2 OH denotes ethylene glycol monoethyl ether; 
60 AcOEt denotes elhyl acetate; 

MEK denotes methyl ethyl Ketone; and 

MTMS denotes mathyltrimethoxysllane. 
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bo In Table 6 above, 

MeOCH 2 CH 3 OH denotes ethylene glycol monoinethyl ether, 
MS denotes tetrametho*yeilane; 
EtOH denotes ethanol; 

AcOCH 2 CH 2 OEt denotes 2-ethoxyethyi acetete; 
55 MeOH denote* methanol; 

MTMS denotes methyltrlmethoxyailane; 
AcODu denotes n-butyl acetete; 
AcMe denotes acetone; 

26 
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AcO(l-Bu) denotes Isobutyl acetate; 
'ePrOH denotes isopropancl; and 
&uOH denote© butanol. 




5 COMPARATIVE EXAMPLE 1 

The procedure of Production Example 5 was repeated except that y-methacryloxypropyltrimethoxysilane 
was substituted for the polymerteable polysiloxane (S-1): whereby a toluene solution of an organic polymer 
(P'-1), having a eofld content Of 49 %, was obtained. In addition, the procedure of Example 2 was repeated 
to except that the toJuene solution of the organic polymer (PM) was substituted for the toluene eolutfon of the 
organic polymer (P-1) (which was obtained in Production Example 5); whereby a dleperalon was obtained. How- 
ever, In this dispersion, cohesion greatly occurred and eo particles preolpltated Immediately after stopping the 
stirring. 



is EXAMPLE 16 

(Synthesis of compound fine particle dispersion (2-16)): 

Into a four-necked 500 ml flask equipped with e stirrer, mermorneter and three dropping funnels (A, B and 
C) were placed 200 g of n- butyl acetate and 50 g of methanol, end then the inside temperature of the flask 

tc was adjusted to 20 D C . Next, while the contents of the flask were stirred, raw materiel liquldB A, B end C were 
dropwlse added from the dropping funnels A, B and C, respectively, into the flask over a period of 1 hour. The 
raw material liquid A was a solution prepared by mixing 20 g of a n-butyl acetate solution of the organic polymer 
(P-1) (obtained In Production Example 5) with 20 g of n-butyl acetate; the raw material liquid B was a solution 
prepared by mixing 20 g of a 25 % aqueous ammonia solution with 20 g of methanol; and the raw material 

25 liquid C was, 30 g of tetramethoxysilane. After completion of the dropwiee addition, the resulting mixture was 
stirred at 20°C for 2 hours, whereby a compound fine particle dispersion (2-16) was obtained. In Table 7 are 
shown the following data: the concentration of the compound fine particles In the dispersion; the inorganic mat- 
ter content of the particles; the average particle diameter of the particles; the venation coefficient of the par- 
tides; the alkoxy group content of the particles; and the stability of the dispersion over a period of time. 

90 

EXAMPLE 17 



(Synthesis of compound fine particle dispersion (Z-17)): 

The procedure of Example 1 6 was repeated except that the reaction temperature was changed to 50°C ; 
35 whereby a compound fine particle dispersion (Z-17) wee obtained. In Table 7 are shown the following data: 
Jho concentration of the compound fine particles In the dispersion; the inorganic matter content of the particles; 
the average particle diameter of the particles; the variation coefficient of the particles: the alkoxy group content 
of the particles; and the stability of the dispersion over a period of time. 



40 EXAMPLE 18 

(Synthesis Of compound tine particle dispersion (2-18)}; 

Into a four-necked 500 mJ flask equipped with a stirrer, dropping funnel and thermometer were placed 200 
g of n-butyl acetate, 70 g Of methanol and 20 g of a 25 % aqueous ammonia solution. Then, the inside tem- 

45 perature of the flask was adjusted to 20° c , Next, while the contents of the flask were stirred, a mixed liquid 
of 20 g of a n-butyl acetate solution of the organic polymer (P-1) (obtained in Production Example 5) with 30 
g of tetramethoxysllane end also with 20 g of n-butyl acBtate was dropwlse added from the dropping funnel 
Into the flask over a period of 1 hour. After completion of the dropwlse addition, the resulting mixture was stirred 
at 20*C for 2 hours, whereby a compound fine particle dispersion (2-18) was obtained. In Table 7 are shown 

50 the following data: the concentration of the compound fine particles in the dispersion; the Inorganic matter con- 
tent of the particles; the average particle diameter of the particles; the variation coefficient of the partlcies; 
the alkoxy group content of the particles; and the stability of the dispersion over a period of time. 



EXAMPLE 19 

(Synthesis of compound fine particle dispersion (2-19)): 

Into a four- necked 500 ml flask equipped with a stirrer, dropping funnel and thermometer were placed 150 
g of ethyl celto3olve, 50 g of the toluene solution Of the organic polymer (P-1) (obtained in Production Example 

27 
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5). and 50 g of tetramethoxysilane. Than, the inside temperature of the flask wag adjusted to 20°C. Next, while 
the contents of the flask were stirred, a mixed liquid of 16 g of e 25 % of aqueous ammonia solution with 30 
9 Of ethyl cellosolve was dropwise added from the dropping funnef Into the flask over a period of 16 minutes. 
After completion of the dropwise addition, the resulting mixture was stfrred at20°Cfor2 hours, whereby a com- 
5 pound fine particle dispersion (Z-19) was obtained. In Table 7 are shown the following data: the concentration 
of the compound fine particles in the dispersion; the Inorganic matter content of the particles; the Bverage par- 
ticle diameter of the particles; the variation coefficient of the particles; the alkoxy group contentof the particfes; 
end the stability of the dispersion over e period of time. 

10 EXAMPLE 20 

(Synthesis of compound fine particle dispersion (2-20)): 

Into a four-nocked 600 ml flask equipped with a stirrer and thermometer were placed 150 g of teopropyl 
alcohol, 30 9 of the leopropyl alcohol solution of the organic polymer (P-9) {obtained In Production Example 

is 1 3), 1 0 g of titanium tetrachloride, 50 g of distilled water and 10 g of urea. Then, while the contents of the flask 
were sin-red, the Inside temperature of the flask was gradually raised and than maintained at 80°C for 1 hour. 
Next, NH 4 Cl, a by-product, was removed by ultrafiltration, whereby a compound fine particle dispersion (7- 
20) was obtained. In Tabfe 7 are shown the following data; the concentration of the compound fine particles 
in the dispersion; the Inorganic matter content of the particles; the average particle diameter of the particles; 

20 the variation coefficient of the particles; the eJkoxy group content of the particles; and the stability of the dis- 
persion over a period of time. 

EXAMPLE 21 

25 (Synthesis Of compound fine particle dispersion (Z-21)): 

Into a four-necked S0O ml flask equipped with a stirrer, thermometer and two dropping funnels was placed 
1 50 g of ethyl cellosolve. Then, the Inside temperature of the flask was adjusted to 20*C . Next, while the con- 
tents of the flask were stirred, raw matedaf liquids A and B were dropwise added from the dropping funnels A 
and B, respectively. Into the flask over a period of 1 hour. The raw material liquid A was a solution prepared 

SO by mixing 60 g of a toluene solution of the organic polymer (P-3) (obtained in Production Example 7] with 10 
g of zirconium butoxlde and also with 10 g of ethyl celloeolve; and the raw material liquid B was a solution pre- 
pared by mixing 20 g of a 25 % aqueous ammonia solution with 50 g of ethyl cellosolve. After completion of 
the dropwise addition, the resulting mixture was stirred at 20°Cfor 2 hours, whereby a compound fine particle 
dispersion (Z-21) was obtained. In Table 7 are shown the following data: the concentration of the compound 

35 fine particles In the dispersion; the Inorganic matter content of the particles; the average particle diametBr of 
the particles; the variation coefficient of the particles; the alkoxy group content of the particles; and the stability 
of the dispersion over a period of time, 

EXAMPLE 22 

40 

(Synthesis of compound fine particle dispersion (2.-22)): 

The procedure of Example 21 was repeated except that aluminum Isopropoxide was substituted for zirco- 
nium butoxlde; whereby a compound fine particle dispersion (Z-22) was obtained. In Table 7 are shown Ihe 
following data: the concentration of the compound fine particles In the dispersion; the inorganic matter content 
4ff of the particles; the average particle diameter of the particles; the variation coefficient of the particles; the al- 
koxy group content of the particles; end the stability of the dispersion over a period of time: 

EXAMPLE 23 

M (Synthesis of compound fine particle dispersion (Z-23)}: 

Into a four-necked 300 ml flask equipped with a stirrer, thermometer and condenser were placed 150.0 g 
of tetramethoxyslfane, 23.3 g of y-glycldoxypropyltrlmethoxysilane, 19.5 g of water, 30.0 g of methanol and 
5.0 g of AMBERLYST 15, The resulting mixture was stirred at 65°C for 2 hours to carry cut a reaction. The 
reaction mixture was cooled to room temperature and then the condenser of the flask was replaced with a dis- 
ss ti Motion column with which a condenser having an outlet for a distillate was connected. The temperature of the 
reaction mixture was raised to 65°C and then maintained at this temperature under a pressure of 200 mmHg 
till methanol distilled no more. Then, the pressure was reduced to 50 mmHg to further advance the reaction. 
The reaction mixture was again cooled to room temperature and then the AMBERLYST 15 was separated by 
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filtration, whereby a reactive polyslloxene (S-5) having a number-average molecular weight of 1 ,600 was ob- 
tsinsd- 

Next, into a four-necked 300 rnl f laak equipped with a stirrer, thermometer and condenser were placed 5 
g of the reactive polyslloxane (S-5), 40 g of a COOH group-containing polyester resin ("VYLON-200" made by 

5 ' Toyobo Co., Ltd. and having a number-average molecular weight of 16,000, a carboxyl group content of 0.02 
to 0.06 mmof/g and a hydroxy* group content of 0.1 to 0.15 mmot/g). 160 g of ethyl acetate and 0.5 g of trle- 
thylamine. The resulting mixture waa heated to 60 9 C and then maintained at this temperature for 5 hours, 
whereby e solution {which had a solid content of 21.9 % and In which an organic polymer (P-11) waa dissolved 
in ethyl acetate) waa obtained. The number- ave ra os molecular weight of the resulting organic polymer was 

10 18,000. 

Next, into a four-necked 500 ml flask equipped with a stirrer, dropping funnel and thermometer were placed 
120 g of ethyl acetate, 30 g of methanol end 10 g of a 25 % of aqueous ammonia solution. Then, the Inside 
temperature of the flask was adjusted to 20 fl C . Next, while the contents of the flask were silrred, a mixed liquid 
of 70 g of the above-mentioned ethyl acetate solution of the organic polymer (P-11) with 15 g of tetrsmethox- 

19 ysilsne waa dropwlse added from the dropping funnel into the flsak over a period of 2 hours. After cemplehon 
of the dropwlse addition, the resulting mixture waa stirred at20°Cfor 1 hour, whereby a compound fine particle 
dispersion (Z-23) was obtained. In Table 7 are shown the following data: the concentration of the compound 
fine particles In the dispersion; the inorganic matter content of the particles; the average particle diameter Of 
the particles; the variation coefficient of the particles; the alkoxy group contentof the particles; and the stability 

20 of the dispersion over a period of time. 




EXAMPLE 24 



(Synthesis of compound fine particle dispersion (Z-24)): 

25 Into a four-necked 500 ml flask equipped wfth a stirrer, thermometer and distillation column (with which a 
condenser having an outlet for a distillate was connected) was placed 400 g of the dispersion (Z-7) (as obtained 
In Example 7). The inside temperature of the flask was raised to 100'C under a pressure of 110 rnmHg, and 
then ammonia, methanol and n-butyl acetate were dietiiled off till the solid content of the reaction mixture In- 
creased to 30 %; whereby a dispersion (Z-24) (In which a compound fine particle wee dispersed in n-butyl acet- 

90 ate) was obtained. In Table 7 are shown the following data: the concentration of the compound fin© particles 
in the dispersion: the inorganic matter content of the particles; the average particle diameter of the partides; 
the variation coefficient of the particles; the alkoxy group content of the particles; and the stability of the dis- 
persion ever a period of time. 



35 EXAMPLE 25 



(Synthesis of compound fine particle dispersion (Z-25)): 

Into a four-necked 500 ml flask equipped with a stirrer, thermometer and distillation column (with which a 
condenser having an outlet for a distillate was connected) was placed 400 g of the dispersion (Z-4) (as obtained 

40 in Example 4). The Inside temperature of the flask was raised to 1 00°C under a pressure of 110 rnmHg. and 
then ammonia, methanol and ethyl cellosofve were distilled off till tho solid content of the reaction mixture in- 
creased to 30 %; whereby a dispersion (Z-25) (In which compound fine particles were dispersed in ethyl cel- 
losolve) was obtained. In Table 7 are shown the following data; the concentration of the compound fine particles 
in the dispersion; the inorganic matter content of the particles; the average particie diameter of the particles; 

45 the variation coefficient of the particles; the alkoxy group content or trie particles; and the stability or the dis- 
persion over a period of lime. 



EXAMPLE 25 



90 (Synthesis of compound fine particle dispersion (Z-26)): 

into a four-necked 500 mi flask equipped with a stirrer, thermometer and distillation column (with which a 
condenser having an outlet for a distillate was connected) were placed 350 g Of the dispersion (Z-12) (as ob- 
tained In Example 12) and 100 g of toluene. The Inside temperature of the flask wbs raised to 100*C under a 
pressure or 1 1 0 rnmHg, and then ammonia, methanol, acetone and toluene were distilled off till the solid content 

99 of the reaction mixture increased to 30 %\ whereby a dispersion (Z-26) (In which compound fine partides were 
dispersed in toluene) was obtained. In Table 7 are shown the following data: the concentration of the compound 
fine particles in the dispersion; the Inorganic matter content of the particles; the average particle diameter of 
the partides; the variation coef licient of the particles; the alkoxy group content of the partides; and the stability 
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of the dispersion over a period of time. 
EXAMPLE 27 

5 (Synthesis Of compound fine particle dispersion (Z-27)): 

Into a faur-necked 500 ml flask equipped with a stirrer, thermometer and distillation column (with which a 
condenser having an outlet for a distillate was connected) were placed 250 g of the dispersion (Z-12) (as ob- 
tained In Example 12) and 100 g of methyl isobutyl ketone. The Inside temperature of the flask was raised to 
100°C under a pressure of 110 mmHo, and then ammonia, methanol, acetone end methyl Isobutyl ketone were 

10 distilled off till the solid concent of the reaction mixture increased to 30%; whereby a dispersion (2-27) (in which 
compound fine particles were dispersed in methyl isobutyl ketone) was obtained. In Table 7 era shown the 
following data: the concentration of the compound fine panJdes In the dispersion; the inorganic matter content 
of the particles; the average particle diameter of the particles; the variation coefficient of the particles; the al- 
koxy group content of the parttcles; and the stability of the dispersion over a period of time. 

15 

EXAMPLE 28 

(Synthesis of compound fine particle dispersion (Z-2B)): 

Into a four-necked 500 ml flask equipped with a stirrer, thermometer and distillation column (with which a 
20 condenser having an outlet for a distillate was connected) were placed 250 g of the dispersion (Z-14) (as ob- 
tained in Example 14) and 100 fl of water. The inside temperature of the flask was raised to 100°C under a 
pressure of 150 mmHg, end then ammonia, methanol and isopropyl alcohol were distilled off till the solid con- 
tent of the reaction mixture increased to 30%: whereby a dispersion (2-28) (In which compound fine particles 
were dispersed in water) was obtained. In Table 7 are shown the following data: the concentration of the com- 
as pound fine particles tn the dleperelon; the inorganic matter content of the particles; the average particle diam- 
eter of the panicles; the variation coefficient of the particles; the alkoxy group contentof the partldee; and the 
stability of the dispersion over a period of time. 

The dispersions (2-1 to 2-28) (obtained in Examples 1 to 28 above) as well as supernatant liquids (obtained 
by centrifugal separation of each of the dispersions (Z-1 toZ-2fl)) ware analyzed by GPC. However, no organic 
30 poiymer wae detected, in addition, compound fine particles (which was a precipitate obtained by the above- 
mentioned centrifugal separation) were rinsed with TH F (tetrehydrof uran) or water, and then their rinsings were 
analyzed by GPC. However, no organic polymer was detected. This result shows that the organic polymers 
were not simply attached to, but strongly bound to the particles. 

With regard to the dispersions (obtained In the above-mentioned Examples), the following characters were 
35 analyzed and evaluated by the below-mentioned methods: the concentration of the compound fine particles 
In each dispersion; the Inorganic matter content of the particles; the average particle diameter of the particles; 
the variation coefficient of the particles; the alkoxy group content of the particles; and the stability of each dis- 
persion over a period of time. 

(Concentration of compound fine particles in dispersion): 

The disperaion was dried at 130 6 C and 100 mmHg for 24 hours to determine the concentration from the 
following formula: 

Concentration of compound fine particles In dispersion {%) = D/W * 100 

45 where: 

D is the weight (g) of the particles after the drying; and 

W is the weight (g) of the dispersion of the particles before the drying. 

(Inorganic matter content of compound fine particles) : 

so 

The dispersion was dried at 130°C and 100 mmHg for 24 hours, the dried product was subjected to ele- 
mental analysis, and then the resulting ash content was defined as the Inorganic matter content of the partldes. 

(Average particle diameter and variation coefficient) : 

55 

They were measured at23 B C by a dynamic light-scattering measurement method using the following ap- 
paratus. The average particle diameter measured was the volume-average one. 

30 
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(Apparatus): 



10 



18 



20 



25 



30 



35 



40 



46 



50 



Asubmlcron particle diameter analyzer (NICOMP MODEL 370 made by Nozaki & Co.. Ltd.). 

(Sample for measurement) : 

A dispersion, in which the compound fine particles were dispersed In tetrahydrofuren within e concentra- 
tion range of 0.1 to 2.0 % by weight, was used (however, In the case where the organic polymer contained in 
the particles waa Insoluble In tetrahydrofuran; then, a dispersion, In which the compound fine particles were 
dispersed in & solvent In which the organic polymer was soluble, was used). 

(Variation coefficient) : 

The variation coefficient was determined from the following formula: 
Variation coefficient (%) = (Standard devlarlon of particle diameters of compound fine partlclesy(Average 

particle diameter of compound fine particlee) 

(Alkoxy group content of compound fine particles) : 

The dispersion was dried at 130°C and 100 mmHg for 24 hours. Five grams of the dried product w$a dia~ 
persed Into a mixture Of 50 g or acetone with 50 g of an aqueous 2N-NaOH solution and stirred at roam tem- 
perature for 24 hours. Then, quantitative analysis of alcohol In the resulling mixture was carried out using a 
gas chromatograph, whereby the alkoxy group content of the compound fine particles was calculated, 

(Stability over a period of time) : 

The d I soars Ion was placed in a teardener- Holdt bubble viscometer, and this viscometer was sealed and 
then preserved at 50 B C . ff no unfavorable result (such as the cohesion or precipitation of particles, or the in- 
crease In the viscosity of the dispersion) wa9 provided after 1 month, the stability was shown by the symbol 

"O". 
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In Tables 6 end 7 above, 
MeO- denote* methoxy group; 
1-PrO- denotes Isopropoxy group; and 
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3- 



BuO- denotes butoxy group. 
COMPARATIVE EXAMPLE 2 

s (Radical graft polymerization from colloidal silica surface) 

Into a 500 ml flask ©quipped with a stirrer, thermometer and condenser were added 0.2 g Of colloidal silica 
(AEROSIL 200 made by Nippon Aeroall Co., Ltd.; average partlde diameter 12 nm (catalogue value)), 5 g of 
rglycidoxypropyitrlmethoxye»ano and 300 g of n-butyl acetate. The contents of tha flaak ware refluxed at 
120°C for 10 hours. Then, 5.6 g of 4,4 , -azobla(cyanovaleric acid) and 0.1 g of trlethytamine were added into 

10 the flask, and the contents Of the flask were heated white stirred at4Q D C for 3 hours; whereby azo groups were 
Introduced Into surfaces of the colloidal silica. Next a N 2 gae-introduclng tube was installed to the flask, and 
100 g of methyl methacrylate was added into the flask. The contents of the flask were heated to 70°C (while 
3tirred), maintained at 70°Cfor 6 hours, and then further heated to 1O0*C and maintained at 100*C for 1 hour; 
whereby a polymerization reaction was carried out As a result, formation of a large amount of cohered product 

is was seen in the resulting reaction slurry. The supernatant of the slurry was taken out to examine a particle 
diameter distribution, As a result, compound fine particles In the Obtained dispersion had an average particle 
diameter of 380 nm and a variation coefficient of 575 %, and ao had a very broad particfe diameter distribution. 
In addition, no alkoxy group wee found in the particles. 

20 COMPARATIVE EXAMPLE 3 

(Treatment of colloidal Sliica With eilyl-etherized polymer) 

Into a 200 mf flask equipped with a stirrer, thermometer and condenser were added 7.7 g of e pcfyol (ob- 
tained by a dehydration reaction of 1,10-decanediol), 15 g of dlethoxydlmethylsllane and 135 g of tetrahydro- 

25 furan (THF). The contents of the flask were refluxed at 65*C for 15 hours and then dried at 150"C under a 
vacuum of 100 mmHg; whereby a silyi-etherizad polymar was obtained. This polymer had a number-average 
molecular weight of 7.000 and a ash content of 26.2 %. Next, into a 200 ml flask equipped with a stirrer, therm- 
ometer and condenser were added 2 g of a dispersion (in which colloidal silica (obtained by solvent displace- 
ment; average diameter 37 nm; variation coefficient 53 %) was dispersed Jn 1 ,2-di methoxyethane (containing 

39 30 % of 5i0 2 )), 1 g of the above-obtained sllyt-ethertzed polymer and 130 g of 1,2-dimethoxyethsne. The con- 
tents of the flask was refluxed at fl0°C for 10 hours. Methanol was added to the resulting reaction liquid to 
carry out repreclpltatlon, and then the formed precipitate was examined by elemantaf analysis. However, the 
ash content of the precipitate was almost the same as that (26.0 %) In the slfyt-etherized polymer (used as a 
raw material). In addition, the reaction liquid was analyzed by OPC. As a result only a polymer having a numbar- 

35 average molecular weight of 7,000 was detected, and so it was confirmed that the sllyt-ethertzed polymer does 
not bond with colloidal alflca by the heating In a liquid phase. Although the reaction liquid was dried at 150°C 
under a vacuum of 100 mmHg and then the drjad product was again dispersed into THF, formation of a small 
amount of precipitate was seen. The supernatant was taken Out to examine a particle diameter distribution. 
As a result, compound fine particles in the obtained dispersion had an average particle diameter of 92 nm and 

-40 a variation coefficient of 126 %, and eo had a very broad particle diameter distribution. In addition, no alkoxy 
group was found in the particlea. 

COMPARATIVE EXAMPLE 4 

'5 (Treatment of colloidal slflca with coupling agent and with acid group- containing polymer) 

Into a 200 ml flask equipped with a stirrer, dropping fun net, thermometer, condenser and N 2 gas-introduc- 
ing tube was placed 80 g of laoprapyl alcohol (IPA). While Introducing an N 2 gas into the flask and stirring the 
contents of the flask, the inside temperature of the flask wee raised to B0°C . Next, a solution (which wae be- 
forehand prepared by mixing 56 g of acrylic acid, 24 g of methyl acrylata and 0.4 g of 2,2 , -820bisfeobutyron!trile 

so with each ether) was dropwlse added Into the flask from the dropping funnel over a period of 1 hour. After com- 
pletion of the adding, the stirring was further continued at 80°C for 2 hours to carry out a copoJymerizatlon 
reaction; whereby there wae obtained an IPA solution of an acrylic acid/methyl acrylata copolymer having a 
number-average molecular weight of 8,000. Next. Into a 500 ml flask equipped with a stirrer were placed 133 
g of a dispersion (in which coNofda) silica (average diameter 35 nm; variation coefficient $3 %) was dispersed 

ss in ethylene glycol (containing 30 % of SiOJ), 267 g of ethylene glycol, 0.4 g of y-glycldoxypropyltrimethoxysl- 
lane and 0.4 g of water. The contents of the f Jask wae stirred at room temperature for 2 hours, whereby a col- 
loidal silica slurry (A) (which had been treated with a coupling agent) was obtained. To this slurry (A) was added 
1 g of the above-obtained IPA solution of the acryflc acid/methyl acrylata copolymer. The resulting mixture was 
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stirred at room temperature for 1 hour tD obtain a slurry (B). Hexane was added to this slurry (B) to carry out 
reprecipitation, and then the formed precipitate was examined by elemental analysis- Howaver, no ash content 
of me precipitate was detected. In addition, the slurry (B) wae analyzed by GPC> As a result, only a polymer 
having a number- a verage molecular weight of 8,000 was detected, and eo it was confirmed that the acrylic 
s acid/methyl acrylate copolymer does not bond with colloidal silica by the above-mentioned process. AJthough 
the slurry (B) was dried at 1 SO'C under a vacuum of 100 mmHg end then the obtained compound fine particles 
were mUBd with ethylene glycol or IPA; the particles hardly re-dlspersed and bo there waa obtained only a dis- 
persion In which moat of the particles were cohered or precipitated- In addition, no alkoxy group waa found In 
the particles. 

to 

COMPARATIVE EXAMPLE 5 

(Treatment of colloidal silica with polymer eijane-coupllng agent) 

Into a 200 ml flask equipped with a stirrer, dropping funnel, thermometer, condenser and N 2 gas-tntroduc- 

15 ing tube was pieced 60 g of n-butyl acetate. While InireducJng an N 2 ga3 Into the flask end etlrring the contents 
of the flask, the inside temperature of the flask was raised to 120 9 C. Next, a solution (which was beforehand 
prepared by mixing 60 g of methyl methacrylate. 5 g of 3-mercaptopropIonlc acid and 0.8 g Of 2,2'-azobisi30- 
butyronitrile with each other) wae dropwise added Into the flask from the dropping funnel over a period of 1 
hour. After completion of the adding, the stirring was further continued at 120°C for 2 hours to carry out a poly- 

20 mediation reaction; whereby there wae obtained a polymer having an acid group at the terminal. Into the flask 
were added 10-5 g of y-amlnopmpyitriethoxYsllaha and 50 mg of N,N T -dicydQhexylcarbcdlimlde. The contents 
of the flask were stirred at 1 00*C for 1 hour, whereby a polymer silane-coupling agent was obtained. This agent 
had a number^average molecular weight of 9,000 and an ash content of 3.0 %. Next. Into a 1-llter Flask equipped 
with a stirrer, thermometer and condenser were placed 600 g of 1,2-dimethoxyethane, 2 g of a dispersion (In 

2$ which colloidal silica (average diameter 40 nm; variation coefficient 4-8 %) was dispersed in ethanol (containing 
30 % of SI0 2 )), 2 g of the above-obtained solution of the polymer silane-coupling agent and 1 g of a S % aqueous 
ammonia solution. The contents of tha flask was stirred at 60°C for 2 hours. Hexane was added to the resulting 
liquid to carTy out ra precipitation, and then the formed precipitate was examined by elemental analysis. How- 
ever, the ash content of the precipitate was almost the same as that In the polymer sllane-coupllng agent (used 

30 as a raw material). In addition, the reaction liquid was analyzed by GPC. As a result, only a polymer having a 
number-average molecular weight of 9,000 was detected, and so ft was confirmed that the polymer a ilane-cou- 
pllng agent does not bond with colloidal silica by the above-mentioned process. Although the reaction liquid 
waa dried at 150*C under a vacuum of 100 mmHg and then the dried product was again dispersed Into n-butyl 
acetate, formation of a small amount of precipitate was seen. The supernatant was taken out to examine a 

35 particle diameter distribution. As a result, compound fine particles In the obtained dispersion had an average 

pariida diameter of 2 50 nm apd.a variation coef ficient of 7fl %. and so had a very broad particle diameter die- 

tributlon. In addition, 0.06 mmol/g of methoxy groups was detected In the particles. 

COMPARATIVE EXAMPLE 6 

40 

(Treatment of colloidal silica with organic polymer (P» 

Into a 300 ml flask equipped with a stirrer, thermometer and condenser were placed 160 g of ethyl cello- 
solve, 50 g of a dispersion (in which colloidal silica (average diameter 31 nm: variation coefficient 60 %) was 
dispersed In methanol (containing 30 % of SIOJ), 20 g of a toluene solution of the organic polymer (P-1) (ob- 
45 tained in Production Example 5; number-average molecular weight 12,000; esh content 5.8 %) and 1 g of a 5 
% aqueous ammonia solution. The contents of the Mask was stirred at 60 a C for 2 hours. Hexane was added 

to the resulting liquid to carry out re precipitation, and then the formed precipitate was examined by elemental 
analysis. However, the ash content of the precipitate was Blmo3tthesameasthai(5.7%)ln the organic polymer 
(P-1). In addition, the reaction liquid wa3 analyzed by GPC. As a result, a polymer having a number-average 

60 molecular weight of 12,000 was detected, and so It was confirmed that the organic polymer (P-1) does not bond 
with colloidal silica by the above-mentioned process. AJthough the reaction liquid was dried at 150 D C under a 
vacuum of 100 mmHg and then the dried product was again dispersed Into toluene, formation of a small amount 
of precipitate was seen. The supernatant was taken out to examine a particle diameter distribution. As a result, 
compound fine particles in the obtained dispersion had an average particle diameter of 1 43 nm and a variation 

W coefficient of 11 3 %, and so had a very broad particle diameter distribution. In addition. 0.06 mmol/g of methoxy 
groups was detected In the particles. 



35 
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EXAMPLE 29 

The dispersion (Z-24) (obtained in Example 24) was coaled on a glass base plate using a bar coater and 
then dried dt room temperature for 30 minutes and further at 80°C for 40 minutes; whereby there was obtained 
s a coated film which was transparent and glossy and therefore good, 

EXAMPLE 30 

Three grama of an isocyanate hardener ("SU MID UR N-3500* made by Sumitomo Chemical Co., Ltd.) was 
iq added to and mixed with 100 g of the dispersion (Z-24) (obtained in Example 24), and the resulting mixture 
was coated on a glass base plate using a bar coater end then dried at room temperature for 30 minutes and 
further at 80°C For 60 minutes; whereby there was obtained a coated film which was transparent and glossy 
end therefore good. 

1& EXAMPLE 31 

Eight grams of a hardener ('SUPER BEKKAMIN Je^O-BO* made by Deinlppon Ink and Chemicals, Inc.) 
was added to and mixed with 100 g of the dispersion (Z-24) (obtained In Example 54), end the resulting mixture 
was coated on a glass base plate using a bar coater and then dried at room temperature for 30 minutes and 
20 further at 1S0°C for 30 minutes; whereby there was obtained a coated film which was transparent and glossy 
and therefore good. 

EXAMPLE 32 

25 Eighty grams of an acrylic resin ("AROTHANE 2060" made by Nippon Shokubai Co.. Ltd.) was mixed into 
100 g of the dispersion (Z-24) (obtained In Example 24). whereby a resin mixture was obtained. Although this 
resin mixture was stored In an airtight vessel at 50°c for 1 month, neither cohesion nor Increase In viscosity 
was seen. Fourteen grams of an isocyanate hardener ('SUMIDUR N-3500* made by Sumitomo Chemical Co., 
Ltd.) was added to and mixed with the resin mixture, and the resulting mixture wee coated on a glass base 

30 plate using a bar coater and then dried at room temperature for 30 minutes and further at 8Q a C for eo minutes; 
whereby there was obtained a coated film which was transparent and glossy and therefore good. 

EXAMPLE 33 

35 Eighty grams of an eikyd resin ("AROPLAZ OEM10" made by Nippon Shokubal Co., Ltd.) was mixed Into 

100 g of the dispersion (Z-24) (obtained in Example 24), whereby a resin mixture was obtained. Although this 
resin mixture was stored In an airtight vessel at 50°C for 1 month, neither cohesion nor Increase In viscosity 
was seen. Fifteen grams of a hardener ('SUPER BEKKAMIN J 820-60" made by Dalnippon Ink and Chemicals, 
Inc.) was added to and mixed with the resin mixture, and the resulting mixture was coated on a glaes base 

4> plate using a bar coater and then dried at room temperature for 30 minutes and further at 150°C for 30 mlnutee; 
whereby there was obtained a coated film which was transparent and glossy and therefore good. 

COMPARATIVE EXAMPLE 7 

45 Fifty grams of a methanol silica dispersion (made by Nissan Chemical Industries. Ltd.) was mixed Into 80 

g of an acrylic resin ('AROTHANE 2060" made by Nippon Shokubai Co., Ltd.), whereby a resin mixture was 
obtained. Although this resin mixture was stored In an airtight vessel at room temperature, cohesion occurred 
in about 3 hours after the above-mentioned mixing. Before cohesion occurred, 14 g of an isocyanate hardener 
("SUMIDUR N-3500" made by Sumitomo Chemical Co., Ltd.) was added to and mixed with the resin mixture. 

so The resulting mixture was coated on a glass base plate using a bar coater and then dried at room temperature 
for 30 minutes and further at 80*C for 60 minutes. However, the resulting coated film was cloudy In white, be- 
cause of cohesion of particles, and also Inferior with regard to the smoothness of the surface. 

COMPARATIVE EXAMPLE 6 

A resin mixture was prepared by mixing 50 g of the n-butyt acetate dispersion (particle concentration 30 
%)of the colloidal silica (of which the surface had been treated with the polymer ©Han e-coupllng agent obialned 
in Comparative Example 5), 80 g of an acrylic resin f AROTHANE 2060" made by Nippon Shokubai Co., Ltd.) 

36 
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and 14 g of an isocyanale hardener ("SUMIOUR N-3500" made by Sumitomo Chemical Co., Ltd.) with each 
other. The resin mixture was coated on a glass base plate using a bar coater and then dried at room temperature 
for 30 minutes and further at 60*C for 80 minutes. However, the resulting coated Um was cloudy In white, be- 
cause of cohesion of particles, and also interior with regard to the smoothness of the surface, 

9 

EXAMPLES 34 TO 37 

(Synthesis of compound fine particle dispersions (2-20) to (2-32)): 

The procedure of Example 1 was repeated except that the kind of each of the organic solvent, organic poly- 

w mer (?) and metallic compound (G) as well a© tho anrcount of each of the organic solvent, aqueous ammonia 
solution and metallic compound (G) was changed to that shown in Table fi; whereby compound fine particle 
dispersions (2-29) to (2-32) were obtained. In Table 0 are shown the following data: the concentration of the 
compound fine particles In each dispersion; the Inorganic matter content of tho particles; the average particle 
diameter of the particles; the variation coefficient of the particles; the alkoxy group contant of the particles; 

is and the stability of each dispersion over a period of time. 
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In Tabla 8 above, 
AcOBu denote* n-butyi acetate; 
MeOH denotas methanol; 
MS denotes tetramethoxyeifene; 
AcOEt denotes ethyl acetate; 
BuOH denotes butenof; 
1-PrOH denotes Isopropanol; 
Zr8u denotes zirconium butoxlde; 
AIIP denotes aluminum isopropoxlde; and 
TJIP denotes tltanfum ieopropoxlde. 
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EXAMPLE 38 

(Synthesis of compound Tine particle dispersion (Z-33)): 

Into a four- necked 500 ml flask equipped with a stirrer, dropping funnel and thermometer were placed 250 

5 g of n-butyl acetate, $0 g of methanol and 25 g of a 25 % aqueous ammonia solution. Then* the Inside tem- 
perature of the flask was adjusted to 20"C . Next, while the contents of the flask were stirred, a mixed liquid 
of 4 g of a n-butyl acetate solution of the organic polymer (P-1) (obtained In Production Example 5) with 40 g 
of tetramethoxyellane was dropwlse added from the dropping funnel Into the flask over a period Of 1 hour. After 
completion of the dropwlse addition, the resulting mixture was stirred at 20°C for 2 hours, whereby a compound 

10 fine particle dispersion (2-33) was obtained. In Table 9 are shown the following data: the concentration of the 
compound fine particles In the dieperelon; the inorganic matter content of the particles; ths average particle 
diameter of the particles; the variation coefficient Of the panicles; the aikoxy group content of the particles; 
and the stability of the diepereion over a period of time. 

ib EXAMPLE 33 

(Synthesis of compound fine particle dispersion (Z-34)): 

Into a four-necked 500 ml flask equipped with a stirrer, thermometer and two dropping funnels (A and B) 
were placed 120 g of n-buty] acetate and 30 g of methanol, and than the Inside temperature of the flask was 
20 adjusted to 20 Q C . Next, while the contents of the flask were stirred, raw material liquids A and B were drop wise 
added from the dropping funnels A and B, respectively, into the flask over a period of 1 hour. The raw material 
liquid A was a solution prepared by mixing 50 g of a toluene solution of the organic polymer (P-13) (obtained 
In Production Example 17), 10 g of zirconium butoxlde and 10 g of n-butyl acetate with each other and the 
raw material liquid B wee a solution prepared by mixing 20 g of a 25 % aqueous ammonia solution with 50 g 
is of methanol. After completion of the dropwise addition, the resulting mixture was stirred at 20°C for 2 hours, 
whereby a compound fine particle dispersion (2-39) was obtained. In Table 9 are shown the following data: 
the concentration of the compound fine particles in the dispersion; the Inorganic matter content of the particles; 
the average particle diameter of the particles; the variation coefficient of the particles; the aikoxy group content 
of the particles; and the stability of the dispersion over a period of time- 
so 

EXAMPLE 40 

(Synthesis of compound fine particle dispersion (2-35)); 

The procedure of Example 39 was repeated except that aluminum iaopropoxide was substituted for zirco- 
35 nium butoxide; whereby a compound fine particle dispersion (Z-35) was obtained. Jn Table 9 are shown the 

following data; thf^oQflcanttaUgiijQa^ the loorgaalcroatterxonterit 

of the particles; the average particle diameter of the particles; the variation coefficient of the particles; the ai- 
koxy group content of the particles; and the stability of the dispersion over a period of time. 

* EXAMPLE 41 

(Synthesis of compound fine partide dispersion (Z-38)): 

The procedure of Example 39 was repeated except that titanium isapropoxide was substituted for zirco- 
nium butoxlde; whereby a compound fine particle dispersion (Z-39) was obtained. In Table 9 are shown the 
45 following data: the concentration of the compound fine particles in the dispersion; the inorganic matter content 
of the particles; the average particle diameter of the particles; the variation coefficient of the particles; the ah 
koxy group content of the particles; and the stability of the dispersion over a period of time. 

EXAMPLE 42 

50 

(Synthesis of compound fine partlda dispersion (Z-37)): 

Into a four-necked 500 m! flask equipped with a stirrer, thermometer and distillation column (with which a 
condenser having an outlet for a distillate was connected) was placed 400 g of the dispersion (Z*1) (as obtained 
In Example 1). The Inside temperature of the flask was raised to 100*C under a pressure of 110 mmHg. and 
55 then ammonia, methanol, water and n-butyl acetate were distilled off till the solid content of the reaction mixture 
increased to 30 %; whereby a dispersion (Z-37) (In which compound fine particles were dispersed In n-butyl 
acetate) was obtained. In Table 1 0 are shown the following data: the concentration of the compound fine par- 
ticles In the dispersion; the Inorganic matter content of me particles; the average particle diameter of the par- 

39 
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tides; the variation coefficient of the particles; the alkoxy group content of the particles; and the stability of 
the dispersion Over a period of time. 

EXAMPLES 43 TO 44 

5 

(Synthesis of compound fine particle dispersions (Z-3&) and (2-39)): 

The procedure of Example 42 was repeated except that the dispersion (Z-2) (as obtained in Example 2) 
was substituted for the dispersion (Z-1) (as obtained In Example 1); whereby a dispersion (2-36) (In which com- 
pound fine particles were dispersed In n-butyl acetate) was obtained. In addition, The procedure of Example 

10 42 was repeated except that the dispersion (Z-29) (as obtained In Example 34) was substituted for the disper- 
sion (2-1) (as obtained in Example 1); whereby a diepereion (2-33) (In whioh compound fine particles were 
dispersed In n-butyl aoetate) wee obtained. In Table 10 are shown the following data; the concentration of the 
compound fine particles in each dispersion; the Inorganic matter content of the particles; the average particle 
diameter of the particles; the variation coefficient of the particles; the alkoxy group content of the particles; 

is and the stability of each dispersion over a period of time. 

EXAMPLE 45 

(Synthesis of compound fine particle dispersion (Z-40)): 

20 Into a four-necked 500 ml flask equipped with a stirrer, thermometer and distillation column (with which a 

condone er having an outlet for a distillate was connected) ware placed 250 g Of the dispersion (Z-30) (as ob- 
tained in Example 35) and 100 g of n-butyl acetate. The inside temperature of the flask was raised to 100*C 
under a pressure of 110 mmHg, and then ammonia, methanol, ethyl acetate, water and n-butyl acetate were 
distilled off till the solid content of tha reaction mixture Increased to 30 %; wherBby a dispersion (Z-40) (In which 

25 compound fine particles were dispersed in n-butyl acetate) was obtained. In Table 10 are shown the following 
data: the concentration of the compound fine particles in the dispersion; the inorganic matter content of tho 
particles; the average particle diameter of the particles; the variation coefficient of the particles; the alkoxy 
group content of the particles; and the stability of the dispersion over a period of time, 

5o EXAMPLE 46 

(Synthesis Of compound fine particle dispersion (Z-41)): 

Into a four-necked 500 ml flask equipped with a stirrer, thermometer and distillation column (with which a 
condenser having an outlet for a distillate was connected) were placed 250 g of the dispersion (Z-31) (as ob- 

35 tained in Example 36) and 100 g of n-butyi acetate. The inside temperature of the flask was raised to 100°C 
under a pressure of 110 mmHg, end then ammonia, methanol, butanol, watar and n-butyl acetate were distilled 
off till the solid content of the reaction mixture Increased to SO %; whereby a dispersion (Z-41) (in which com- 
pound fine particles were dispersed in n-butyl acetate) was obtained. In Table 10 are shown the following data: 
the concentration of the compound fine particles in the dispersfon; the Inorganic matter con tent of the particles; 

*a the average particle diameter of the particles; the variation coefficient of the particles; the alkoxy group content 
of tha particles; and the stability of the dispersion over a period of time. 

EXAMPLE 47 

45 (Synthesis of compound fine particle dispersion (Z-42)): 

Into a four-necked 500 ml flask equipped with a stirrer, thermometer and distillation column (with which a 
condenser having an outlet for a distillate was connected) were placed 250 g of the dispersion (Z-32) (as ob- 
tained in Example 37) and 100 g of n-butyl acetate. The Inside temperature of the flask was raised to 100°C 
under a pressure of 150 mmHg, and then ammonia, methanol, isoprapyf alcohol and water were distilled off 

so till the solid content of the reaction mixture Increased to 30 %; whereby a dispersion (2-42) (In which compound 
fine partlcfes were dispersed In water) was obtained. In Table 10 are shown the following data: the concentra- 
tion of the compound fine particles In the dispersion; the Inorganic matter content of the particles; the average 
particle diameter of the particles; the variation coefficient of the particles; the alkoxy group content of the par- 
ticles; and the stability of the dispersion over a period of time. 

EXAMPLES 48 TO 51 

(Synthesis of compound fine particle dispersions (Z-43) and (2-46)): 

40 
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The procedure of Example 24 was repeated except that the dispersions (Z-33) to (Z-36) (as obtained in 
Examples 38 to 41) were substituted for the dispersion (Z-7) (as obtained In Example 7); whereby dispersions 
(Z-43) and (Z-46) (in which compound fine particlas were dispersed in n-butyl acetate) were obtained. In Table 
10 are shown the following data: the concentration of the compound fine particles In each dispersion; the in- 
0 organic matter content of the particles; the average particle diameter cf the particles; the variation coefficient 
of the particles; the alkoxy group content of the particles; and the stability of each dispersion over a period of 
time. 

The dispersions (Z-29 to Z-46) (obtained In Examples 34 to 51 above) as well as supernatanta (obtained 
by centrifugcl separation of each of the dispersions (2-29 to Z-46)) were analyzed by GPC. However, no or- 

io ganic polymer was detected. In addition, compound fine particles (which was a preciprtate obtained by the 
above-mentioned centrifugal separation) were rinsed with THF or water, and than their rinsings were analyzed 
by GPC. However, no organic polymer was detected. This result shows that the organlo polymers were not 
simply attached to, but etrongly bound to the inorganic particles. 

With regard to the dispersions (obtained In Examples 34 to 51 above), the following characters were ana- 

19 lyzed end evaluated in the same way as Of Exempts 1 to 28: the concentration of the compound fine particles 
In each dispersion; the Inorganic matter content ofthe particles; the average particle diameter of the particles; 
the variation coefficient of the partldes; the alkoxy group content ofthe particles; and the stability of each dis- 
persion ever a period of lima. 
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In Tables 9 and 10 above, 

MeO- denote mothcxy group; 
l-PrO- denotes iaopropoxy group; and 
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BuO- denotes botoxy group. 
EXAMPLES 52 TO 64 AND COMPARATIVE EXAMPLES 9 TO 14 

5 Resin mixtures wara obtained by mixing the dispersions and the resins In accordance with the resin for- 

mulations as shown In Tables 11 and 12. Each of these resin mixtures was stored In an airtight vessel at 50 fl C 
for 1 month to examine the appearance end the storage stability of the resin mixtures. The Ir results are shown 
In Tables 11 and 12. Titanium oxide (TfPAQUE CR-95 made by lahlhara Sangyo Kalaha, Ltd,) was added end 
well dispersed Into the resin mixtures using a sand mill In the formulation where the pigment weight content 

10 wae 40 % by weight; whereby dispersions (hereinafter, referred to as liquids i-1) were obtained. In addition, 
liquids 11-1 were prepared by measuring out a polyfunctions! ieocyanete (SUMIDUR N-3200 made by Sumitomo 
Bayer Urethane Co., Ltd.) In an amount such that the equivalent ratio of hydroxyl groups In each liquid M to 
Isocyanate groups In each liquid 11-1 was 1;1. Each liquid 1-1 was mixed with each liquid il-1 to obtain each 
coating composition. Each of the resulting coating compositions was coated on a soft steal sheet (having a 

is thickness of 0.8 mm) in a film thickness of 30 p, allowed to stand stationary at room temperature for 1 hour, 
and then dried at flO*C for 2 hours; whereby each test piece for testing the performances wad obtained. The 
performances of the resulting coated f lime were evaluated by the latar-mentloned performance test methods. 
The evaluation results ore shown In Tables 11 and 12. 
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In Tables 11 a/id 12 above, 
AROTHANE 2020 to an acrylic reefn made by Nippon Shokubai Co., Ltd.. and has a solid content of 60 
% and a hydroxyl value of 37.9 (in varnish); 

AROTHANE UW2817 Is an acrylic resin made by Nippon Shokubal Co., Ltd., and has a solid content 
45 of 60 % and a hydroxyl value of 48 (In varnish): 

AROTHANE 2060 Is an acrylic resin made by Nippon Shokubal Co.. Ltd.. and has a solid content of 60 
% and a hydroxyl value of 43 (In varnish); 

AROSET 5210 te an acrylic resin made by Nippon Shokubal Co.. Ltd.. and has a solid content of 45 % 
and a hydroxyl value of 0 (rn varnish); 
50 lumiflon LF200 Is a fluofocarbon realn made by Asanl Glass Company, Ltd,, and has a solid content 

of 40 % and a hydroxyl value of 29 (In varnish): and 

comparative dispersion A i$ an ieopropsncl dispersion silica sol. made by Catalysts & Chemical Indus- 
tries Co., Ltd. and has a solid content of 30 %. 

W EXAMPLE 65 AND COMPARATIVE EXAMPLES 15 AND 16 

Resin mixtures were obtained by mixing the dispersions and the rosins in accordance with the resin for- 
mulations as shown In Table 13. Each of these reain mixtures was 3tored in an airtight vessel at 50°C for 1 
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month to examine the appearance and the storage stability of the resin mixtures. Their results are Bhown In 
Table 13. Titanium oxide (TIPAQUE CR-95 made by lehfhara Sangyo Kateha, Ltd.) was added and well dis- 
persed into the resin mixtures using a sand mill In the formulation where the pigment weight content was 50 
% by weight; whereby dispersions (hereinafter, referred to as liquids t-2) were obtained. In addition, a poly- 

ff functional isocyanate hardener (DESMODUR BL-3175 made by Sumitomo Bayer Urelhane Co., Ltd,) was 
measured out In an amount such that the equivalent ratio of hydroxyl groups in each liquid I-2 to Isocyanate 
groups In the polyfu notional isocyanate was 1:1; and then dlbutyltfn dllaurate was added as a hardening cat- 
alyst (In an amount of 1000 ppm of the restn mixture) to the measured-out polyf unctlonaf Isocyanate; whereby 
liquids N-2 were obtained. Each liquid U2 was mixed with each liquid (i-2 to obtain each coating composition. 

10 Each of thB rBsultlng coating compositions was coated on a soft steel sheet (having a thickness of o.B mm) In 
e fIJm thickness of 15 p., allowed to stand stationary at room temperature for 1 hour, and then dried at 240*C 
for 1 hour; whereby each test place for tasting the performances was Obtained. The performances of the re- 
sulting coated films ware evaluated by the later-mentioned performance test methods. The evaluation results 
are shown in Table 13. 

1B 

EXAMPLE 66 AND COMPARATIVE EXAMPLE 17 

Resin mixtures were obtained by mixing the dispersions- end the resins in accordance with the resin for- 
mulations as shown In Table 13. Each of these resin mixtures was stored Jn an airtight vessel at 50*C for 1 

20 month to examine the appearance end the atorage stability of the resin mixtures. Their results are shown in 
Table 13. Tilanium oxide (R-820 made by Ishihara Sangyo Kaisha. Ltd.) was added and well dispersed into 
the resin mixtures using a sand mill In the formulation where the pigment weight content was 50 % by weight: 
whereby dispersion© (hereinafter, referred to as liquids J-3) were obtained. In addition, the resin was combined 
with the hardener In the formulation shown In Table 13; whereby liquids II-3 were obtained. Each liquid I-3 was 

25 mixed with each liquid II-3 to obtain each coating composition. Each of tha resulting coating compositions was 
coated on a soft steel sheet (having a thickness of 0.6 mm) in a film thickness of 15 ^ , allowed to etand sta- 
tionary at room temperature for 1 hour, and then dried at 170°C for 16 minutes; whereby each test piece for 
tasting the performances was obtafned. The performances of the resulting coated films were evaluated by the 
later-mentioned performance test methods. The evaluation results are shown In Table 13. 

SO 

EXAMPLE 67 AND COMPARATIVE EXAMPLE 16 

Resin mixtures were obtained by mixing the dispersions and the resins tn accordance with the resin for- 
mulations as shown in Table 13. Each of these resin mixtures was stored In an airtight vessel at 50°C for 1 

35 month to examine the appearance and the storage stability of the resin mixtures. Their results are shown in 
. Table 13, Titanium oxide (TIPAQUE CR-95 made by Ishihara Sangyo Kaisha, Ltd.) was added and well dis- 
persed Into the resin mixtures using a sand mill in the formulation where the pigment weight content was 50 
% by weight; whereby dispersions (hereinafter, referred to as liquids I-4) were obtained. In addition, the resin 
was combined with the hardener In the formulation shown in Table 13; whereby liquids H-4 were obtained. Each 

40 liquid 1-4 was mixed with each liquid lf-4 to obtain each coating composition. Each of the resulting coating com- 
positions was coated on a eoftetael sheet (having a thickness of 0.8 mm) In a film thickness oM5 u. , aUowed 
to stand etetfonary at room temperature for 1 hour, and then dried at 150"C for 20 minutes; whereby each test 
piece for testing the performances was obtained, The performances of the resulting coated films were evalu- 
ated by the later-mentioned performance test methods. The evaluation results are shown in Table 13. 
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In Table 13, above, 

45 AROTHANE UW261 $ Is an crylic resin made by Nippon Shokubei Co., Ltd., and ha a a solid content of 

45 % and a hydroxyl Ylaue of 40 (in varnish); 

AROPLAZ OB-10 Is an acrylic resin made by Nippon Shckubai Co., Ltd., and has a solid content of 70 
% and a hydroxyl value of 6 (In varnish): 

AROSET 5835 Is an acrylic resin made by Nippon Shokubal Co., Ltd., and haa a solid content of 50% 
ffo end a hydroayi value of 33.2 (In varnish); 

comparative dispersion A is an Isopropanol dispersion silica sol, made by Catalyst & Chemical Industries 
Co., Ltd., and has a solid content of 30%; 

hardener 1 is DE5MODUR BL-3175 made by Sumitomo Bayer Co., Ltd.; 
hardener 2 Is SUPER BEKKAMIN J-620 mad© by Dainippon Ink and Chemicals, Inc.; and 
55 hardener 3 is SUPER BEKKAMIN 47-508-60 made by Oeinlppon Ink and ChemicafB, Inc. 
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EXAMPLES 88 TO 70 AND COMPARATIVE EXAMPLES 19 TO 22 

Resin mixtures ware obtained by mixing the dispersions and the resins la accordance with the resin for- 
mulations as shown in Table 14. Each of these resin mixtures was stored In an airtight vessel at 50 D C for 1 

9 month to examine the appearance and the storage stability of the resin mixtures. Their results are shown in 
Table 14. The hardener and the catalyst were added and mixed Into each of the resin mixtures in the formulation 
as ahown in Table 14; whereby the resin coating compositions were obtained. Each of the coating compositions 
was coated on an untreated dull steel sheet (having a thickness of 0.8 mm) In a film thickness of 30 u , allowed 
to stand stationary at room temperature for 1 hour, and then dried at 60°C for 20 minutes. The performances 

10 of tho resulting coated f iime wore evaluated by the later-mentioned performance test methods. The evaluation 
results are shown In Table 14. 
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In Table 14 above, 

AROLON 7G is an aqueous dispersion type resin made by Nippon Shokubal Co., Ltd., and has a solid 
content of 50 %; 

50 
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AROLON 4-80 is an aqueous dispersion type resin made by Nippon ShoRubal Co., Ltd., and has a solid 
content of a 50 %; 

AROLON 280 Is; an aqueous dispersion type resin made by Nippon Shokubai Co., Ltd., and has a solid 
content of 30%; 

s comparative dispersion A is an Isopropanol dispersion silica sol, made by Catalysts & Chemical Indus- 

tries Co., Ltd., and has a solid content of 30%; 

hardener 4 Is NIKALAC MW-22 made by Nippon carbide Industries Co.. Ltd.; and 
catalyst is DICNATE 3111 made by Dafnlppon Ink and Chemicals, Inc. 

to EXAMPLE 71 AND COMPARATIVE EXAMPLES 23 AND 24 

Resin mixtures were obtained by mixing the dispersions and the resins In accordance with the rosin for- 
mulations as shown In TaWe 15. Each of these resin mixtures was stored in an airtight vessel at 50°C for 1 
month to examine the appearance and the storage stability of the resin mixtures. Their results are shown in 

1$ Table 15. The hardener and the catalyst were added and mixed into each of the resin mixtures in the formulation 
as shown in Table 15; whereby the resin coating compositions were obtained. Each of the coating compositions 
was coated on a Bonderite 3100 treated steel sheet (having a thickness of 0.8 mm) in a film thickness range 
of 5 to 10 m . allowed to stand stationery at room temperature for 1 hour, and then dried at 200°C for 1 0 minutes. 
The performances of the resulting coated films were evaluated by the later-mentioned performance test meth- 

20 ods. The evaluation results are shown in Table 15- 
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In Table 15 above, 
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EPICOAT 1010 is an epoxy resin mads by Yaks Shed Epoxy Kabushiki Kalsha* 
MITANOL4010 is a phenol rose* resin made by Hitachi ChernlcaJ Co,, Ltd.; 
S-475 is toluenesulfonic acioVmerphollne acid; and 

comparative dispersion B 1$ a methyl Isobutyl ketone dispersion s II tea sol, made by Nissan Chemical 
s Industries, Ltd., and has a solid content of 30%. 

As to the resin mixtures obtained in the Examples and the Comparative Examples above; the appearance 
and the storage stability (aa a reault of the storage at 50'C for 1 month) were evaluated by the followl ng meth- 
ods. In addition, the performances of the coated films (such as dryness, chemical resistance, pencil hardness, 
dirt resistance, weather resistance, adhesiveness, flexibility, and corrosion resistance) were analyzed end 
w evaluated by the following methods. 

(Appearance): 

The condition of the coated film (such as presence or absence of agglomeration, unevenness and gloss 
15 of the surface) was evaluated by the naked ey© in accordance with trie following standard: 
© ; excellent, o : good, 
A : acceptable. * : unacceptable. 

(Storage stability): 

20 

Stability as a result of the storage at 50*C for 1 month was examined and evaluated by the following stan- 
dard: 

© : stable, 

O : the viscosity somewhat Increased, 
25 A : the viscosity increased, 

y : a large amount of cohered matters forme 

(Dryness): 

50 It was evaluated by the finger touch of the coated film, after the forcible drying, in accordance with the 

following standard: 

© : no change, O : a little trace was left, 
x : a strong trace was left. 

as (Chemical resistance): 

Tha coated film was rubbed 50 times using absorbent cotton containing methyl ethyl ketone and then the 
surface condition of the film wae evaluated by tha following standard: 
© : no change. O : the luster dulled, 
40 x : the film dissolved. 

(Pencil hardness): 

The pencil scratch teat of JIS K5400-6.U was canned out to evaluate the scratches made. 
(Dirt resistance): 



45 



Tha coated film was coated 30 times with a 0.05 % aqueous solution Of carton using a brush, forcibly dried 
at 60°C for 1 hour, and then washed 30 times using a brush while rinsing with water to evaluate the degree of 
bo attachment of dirt to the film by the following standard: 
® ; no attachment, O : little attachment, 
A : a little attachment, 
x : a certain attachment 

55 (Weather resistance): 

The coated film was subjected to a weathering test for 3000 hours using a sunshine weatherometer, and 
Ihen the condition of the f Um was evaluated by the following standard: 

52 
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® : excellent, O : good, : A : normal, x : poor. 
(Adhesiveness): 

s The cross hutch adhesion test of JIS K5400-6.15 was carried out to evaluate the adhesiveness by the fol- 

lowing standard: 

®: the film was not peeled off el all, 

o : the film was slightly peeled Off at Intersecting points of the cross-cutting lines, 
A : the film was peeled off In an area range Of* 5 to 35 %, 
w x : the film was peeled off in an area of 35 % or more. 

(Flexibility); 

Whether the coated film was cracked or peeled off by the bending test machine (which was regulated by 
is JIS KS4Q0-S.16 and had a canter bar of 2 mm in diameter) wae examined to evaluate the flexibility by the fol- 
lowing standard: 

© : excellent, O : good, : A : normal, x : poor. 

(Corrosion resistance): 

20 

- In a brine spray test, there was measured a period of time over which the maximum width of the blistered 
Hakes ac the cross-cut parts of the film was 2 mm or less. 

Various details of the invention may bo changed without departing from Its spirit not Its scope. Furthermore, 
the foregoing description of the preferred embodiments according to the present invention is provided forth© 
2$ purpose of illustration only, and not for the purpose of limiting the invention as defined by the appended claims 
and their equivalents. 

Industrial Application 

so The compound fine particles of the present invention have an average particle diameter of 5 to 200 nrn 
and a particle diameter variation coefficient of 50 % or less, and so has a minute average particle diameter 
and a narrow particle diameter distribution. Therefore, the compound fine particles are particularly superior 
with regard to the dispersion stability and the affinity with an organic matrix In the use for coatings or molding 
materials when compared with conventional fine particles used for the same purposes, 

35 The process of the present Invention for producing compound fine particles can ef f iclently bind an organic 

pefymeF-te^aFfeeeMMneFgaFHeHw 

uiarly defined organic polymer (P) eolely or together with a hydrolyzable metallic compound <G). Therefore, it 
Is unnecessary to put a complicated drying process in the present production process as In conventional proc- 
esses. 

40 The dispersion (in which the compound fine particles are dispersed in water or an organic solvent) of the 

present Invention Is useful for an additive to various kinds of coatings and molding materials, and the dispersion 
itself can also be used as a composition for forming a film. Since the compound fine particles contained in the 
composition contain an organic polymer bound to surfaces of Inorganic fine particles, the compound fine par- 
tides have excellent affinity with an organic matrix of a resin for coatings. So a coated fltm obtained by coating 
4$ the composition on various base materials shows a glossy and preferable appearance, does not cause crack- 
ing, end has excellent properties, such as weather resistance, dirt resistance, dirt ellmlnatablllty, surface hard- 
ness, abrasion resistance, chemical resistance, adhesiveness and heat resistance. 

Since the composition of the present invention for forming a film Includes the dispersion containing the 
compound fine particles, the physical properties of the resultant film are improved In comparison with con- 
so ventionaf compositions for forming a film. Therefore, the composition of the present Invention gives a coated 
film having excellent properties, such as weather resistance, din resistance, dirt ellmlnatablllty, surface hard- 
ness, abrasion resistance, chemical resistance, adhesiveness end heal resistance. 

Furthermore, if the organic polymer (constituting the compound fine particles contained In the composition 
for forming a film) contains a hydroxyl group end eleo if the composition for forming a film further Includes at 
w least one compound (J) selected from the group consisting of polyfu notional teocyanate compounds, melamlne 
compounds and amlnopfast resins; then, a crcosllnked structure Is formed, end the composition forms a cooted 
film having excellent properties, such as weather resistance, dfrt resistance, dirt eliminatabiilty, surface hard- 
ness, abrasion resistance, chemical resistance, adhesiveness, heat resistance, flexibility, end storage stability. 
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If the composition for forming a film further contains the polyol (Q), a firmer croaalinked structure is formed 
and the coated film properties are further improved. 

The above-mentioned composition for forming a film can be coated on surfaces of various kinds of base 
materials (for example, metal materials for the uses, such as automobile*, ships, vehicles, building materials, 
5 electrical articles, industrial machines, drink cans, building and constructed products; Inorganic materials; and 
organic materials, such as plastics) by utilizing the above-mentioned excellent film properties of the compo- 
sition. Accordingly, the composition forms a coated film which is useful for the surface protection and make- 
up of the above-mentioned baae materials. 



Claims 

1. Compound fine particles which comprise: 
inorganic fine part idee; 

15 en organic polymer bound to surfaces of said Inorganic fine particles; 

and wherein the compound fine partides have an average particle diameter of 5 to 200 nm and a particle 
diameter variation coefficient of 50% or less. 

2. Compound fine particles as claimed In Claim 1 ? 
20 wherein said Inorganic fine particlea include silica. 

3. Compound fine particles as claimed in either one of Claims 1 and 2, which contain at least one kind of 
alkoxy group in a proportion of 0.01 to 50 mmol/g. 

2S 4. Compound fine particles as claimed In any one of Claims 1 to 3, wherein Bald organic polymer contain* 
^ a (meth)acryllc monomer unit and Is forma ble into a film. 

5, Compound fine particles as claimed in any one of Claims 1 to 4, which have an Inorganic matter content 
of 50 to 99.5% by weight 

30 6, A process for producing compound fine particle*, which comprises a step of hydrolyzlng and 
condensing an organic polymer (P), 

wherein said organic polymer (?) has at least one polyslloxane group per molecule, said polysiloxane 
group containing at least one Si-OR 1 group, wherein R 1 denotes a hydrogen atom or at lest one member 
detected from the group consisting of alkyl groups, acyl groups, substituted alkyl groups and substituted 
35 acyl groups; with the proviso thai where mora than one group R f Is present in one molecule Of said polymer 

(P), each group R 1 may be the same or different from each other. 

7, A process as claimed In Claim 6, wherein eaid hydrolyzlng and condensing step includes a step of mixing 
raw material liquids (A) and (B). 
40 wherein said raw material liquid (A) includes said organic polymer (P), and 

wherein said raw material liquid (5) includes water 

B. A process as claimed In either one of Claims 6 and 7, wherein eaid nydroiyzing and condensing step In- 
cludes hydrolyzlng and condensing said organic polymer (P) together with a hydroiyzable metallic com- 
45 pound (O). 

0. A process as claimed In Claim 6, wherein said metallic compound (G) is at least one member selected 
from the group consisting Of compounde shown by the following gsneral formula (1) and their derivatives: 

w wherein: 

M denotes at least one metal element selected from the group consisting of SI, A), Ti and Zr; 

R2 denotes a hydrogen atom or at least one member selected from the group consisting of alkyl groups, 

acyl groups, substituted alkyl groups and substituted acyf groups: 

R* denotes at least one member selected from the group consisting of alkyl groups, cydoalkyl groups, 
S5 aryt groups, aralkyl groups, substituted alkyl groups, substituted cydoalkyl groups, substituted aryl 

groups and substituted aralkyi groups; 
n denotes a valence number of said melel element M; and 
m denotes an integer of 1 to n: 
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with the proviso that In the case where plural R a and/or R 3 groups are included In on© molecule of $ajd 
metalfic compound (G), each R 2 and/or R a may be different from each other. 

10. A process ae claimed in any one of Claims 7 to 6, 
wherein said hydrolyzing and condensing step includes a step of mixing raw material liquids (A) and (B) p 
wherein eeld raw material liquid (A) Includes said organic polymer (?) and aald metallic compound (G) 
and wherein said raw materiel (B) Includes water. 

11. A process as claimed in any one of Claims 8 to 10, wherein said metallic compound (Q) is at least one 
member selected from the group consisting of sllsna compounds (H) and their derivatives, and 
wherein said sllane compounds (H) contain an SI element as said metal element M In said formula (1). 

12. A compound fine particle dispersion which comprises compound fine partldes as claimed In any one of 
Claims 1 to 5 and a dispersion medium. 

1& 13. A compound fine particle dispersion which comprises compound fine particles and a dispersion medium; 

wherein said compound fine particles are obtainable by e process as claimed In any one of Claims 6 to 
11. 

14. A composition for forming a film, which comprises a compound fine particle dispersion as clelmed in Claim 

20 12, 

1 5. Acomposition forforminc, a film, which comprises a compound fine particle dispersion as claimed In Claim 
13. 



10 



25 



30 



16- Acomposition as claimed in either one of Claims 14 and 15 wherein said organic polymer (P) contains a 
hydroxy! group, and 

wherein said composition further comprises at least one compound (J) selected from the group consisting 
of polyfunctlonal Isocyanete compounds, melamine compounds and amlnoplaet resins. 

17. A composition as claimed in anyone of Claims 14 to 76, which further comprises a polyol (Q) having two 
or more hydroxyl groups par molecule. 

18. A composition as claimed in any on* of Claims 14 to 17 wherein said organic polymer contains a 
(meth)acrylic monomer unit end Is formable into a film r and 

wherein said compound fine particles contain at lead one kind of afkoxy group in a proportion of 0-01 to 
53 SO mrnol/g, and have an inorganic matter content of 50 to 99.5% by weight. _ 

19. Use of the compound fine particles as claimed In any one of Claims 1 to 5 or as obtainable from the proc- 
ess a© claimed in any one of Claims 6 to 11 forf Urn production. 

40 20\ a film comprising compound fine particles as claimed in any one of Claims 1 to 5 or as obtainable from 
the process as claimed In any one of Claims 6 to 11. 



45 
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